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ABSTRACT 
The colorimetric properties of resorcinarene solutions had not been fully 
investigated since von Baeyer’s initial synthesis. We find that the solutions containing 
resorcinarene macrocycles develop color upon heating or standing. In the presence of 
saccharides, these solutions exhibit significant color changes which are readily 
observable by visual inspection. We determined that the solution color is due to 
macrocycle ring opening and oxidation. The optical responses to saccharides are due to 
complexation of the sugar with the acyclic chromophores. We have applied these 
mechanistic insights towards the challenging problems of the visual detection of 
saccharides and other important biologically analytes. In addition, we also report the first 
single crystal X-ray crystal structure determination of a rarely observed “diamond” 
resorcinarene stereoisomer. 
The visual sensing of saccharides is of importance to medical diagnostics and 
industry. The synthesis of the diamine tripod and the diamine fluorescein compounds will 
be presented and their application towards the detection of saccharides and biomolecules 
of interest will be discussed. In addition to this, the synthesis of a new cationic chiral 
surfactant, the l-arginine methyl ester, for use in chiral separations will also be presented. 
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CHAPTER 1 
 
 INTRODUCTION 
 
 
1.1       History of Resorcinarenes 
 
In 1872 Adolf von Baeyer first synthesized resorcinarenes.1.1 He reported that an 
acid catalyzed condensation reaction of benzaldehyde and resorcinol gave a reddish resin 
which, upon the addition of base, changed to violet.  In addition to the reddish resin, a 
crystalline compound was obtained when the mixture was heated.  The unknown 
crystalline product was later determined to be an isomer of the red resin. Several years 
later, Michael determined the correct elemental composition of this slightly soluble, high 
melting crystalline compound (C13H10O2)n as well as its acetyl derivative 
(C13H8(OCOCH3)2)n.1.2  Michael also reported that the product was formed by 
combination of  an equal number of benzaldehyde and resorcinol molecules and the loss 
of an equal number of water molecules.  Despite this, it took several decades to determine 
the structure of the product.  Michael initially suggested structure 1.1 for the phenolic 
compound.  Niederl and Vogel showed that the ratio between aldehyde and resorcinol in 
the product should be 4:4 according to molecular weight determinations.  As a result, 
they proposed a cyclic tetramer 1.2, which is a structural analogue to porphyrins.1.3 
Erdtman and coworkers finally proved its structure in 1968 with the aid of single crystal 
X-ray analysis.1.4 
Initially, Gutsche1.6 and Böhmer1.12 referred to the compounds as  
calix[4]resorcinarenes  or resorcinol-derived calix[4]arenas.1.6, 1.11  In 1994, Schneider   
suggested the name "resorcinarene".1.12 Resorcinarenes are also sometimes referred to as 
"Högberg compounds"1.7 or "octols"1.13, 1.14 in the literature. 
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Figure 1.1.  Structures of the crystalline compound obtained from Baeyer’s synthesis 
proposed by Michael (1.1), Nierdel and Vogel (1.2), R = aliphatic. 
 
1.2      Synthesis of Resorcinarenes 
The synthetic route of most resorcinarenes involves an acid-catalyzed 
condensation reaction between resorcinol and an aliphatic or aromatic aldehyde. 1.9, 1.15, 
1.16 Generally, a cyclotetramer crystallizes from the reaction mixture, but in some cases 
the isolation of the condensation product requires the addition of water.1.13, 1.17  In the 
synthesis of resorcinarenes, an unsubstituted  resorcinol (1,3 dihydroxybenzene) is 
usually used.  The use of 2-methylresorcinol or pyrogallol (1,2,3-trihydroxybenzene) is 
reported to also yield significant amounts of tetrameric products.1.10, 1.18 When electron-
 3 
withdrawing substituents such as NO2 or Br1.13 are present at the 2-position of the 
resorcinol derivatives, or when the hydroxyl groups are partially alkylated, the products 
will not be formed .1.19 For electron withdrawing groups such as NO2 or Br , it appears 
that such groups deactivate the resorcinol nucleus as a nucleophile, resulting in partial 
condensation which occurs slowly.1.13 There is very little limitation to the structure of the 
aliphatic and aromatic aldehyde.  However, the use of very sterically crowded aldehydes, 
like 2,4,6-trimethylbezaldehyde or aliphatic aldehydes with functionalities too close to 
the reaction center, such as ClCH2CHO or glucose1.13, provides an exception to this rule. 
1.19  
The mechanism of the acid-catalyzed condensation reaction for the formation of 
resorcinarenes has been thoroughly studied (Figure 1.2).1.19 The aldehyde is first 
protonated  to serve as the initial electrophile which adds to  resorcinol.  The alcoholic 
hydroxyl of the subsequent adduct is protonated again generating a mole of water.  A 
carbocation intermediate is afforded by the removal of water. This intermediate  
undergoes second electrophilic addition to another resorcinol to form a dimer.  Coupling 
of the dimer with resorcinol units results in trimer, tetramer or higher oligomers 
containing more than four monomers. Under acidic conditions, the condensation reaction 
is reversible so most of the higher oligomers disappear towards the end of the reaction. 
However, they are present during the intermediate reaction time.  Once they are formed 
in the reaction mixture, the acyclic tetramers cyclize rapidly to form resorcinarenes.  As a 
result of the immediate cyclization, the tetramers can not be isolated.  Due to the lack of 
conformational strain by the formation of hydrogen bonds between proximal phenolic 
 4 
hydroxyl groups of adjacent resorcinol units in the folded structures, the rapid cyclization 
is favored. 
 
Figure 1.2.  Mechanism of the acid-catalyzed synthesis of resorcinarenes 
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1.3       The Stereochemistry of Resorcinarenes 
The stereochemistry of resorcinarenes, which are non-planar, is generally defined 
based on three criteria. The first criterion is the macrocyclic ring conformation.  As a 
result of the macrocycle ring having five highly symmetrical conformations: crown (C4v), 
boat (C2v), chair (C2h), diamond (Cs), and saddle (D2d), resorcinarenes have five 
corresponding stereoisomers (Figure 1.3).   
 
 
Figure 1.3.  Five stereoisomers of resorcinarene. 
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The relative configuration of the substitutes at the methylene bridges, giving the 
all-cis (ccc), cis-cis-trans (cct), cis-trans-trans (ctt) and trans-cis-trans (tct) resorcinarene 
stereoisomers is the second criterion (Figure 1.4). 
 
Figure 1.4. Relative configuration of the substituents at methylene bridges. 
The individual configuration of methylene bridge substituents is the final 
criterion. They may be either axial or equatorial in conformations of the macrocycle with 
C symmetry. A combination of these three criteria results in a great number of possible 
stereoisomers. Experimentally, only four have been reported thus far.  The boat 
conformation is usually reported as a crown conformation due partially to the presence of 
two boat isomers, which interconvert rapidly to give a time-averaged crown 
conformation.  The interconversion between boat, chair and diamond diastereomeric 
isomers does not occur since it requires the breaking of at least two covalent bonds. Each 
of the stereoisomers can be produced in a reaction.  The product ratio is mainly 
determined by the thermodynamic stability of the different isomers because the 
condensation reaction is reversible under homogeneous acidic conditions.1.19 The 
solubility of the different isomers in the reaction solvent play a key role in determining 
the product ratio if the reaction is performed under heterogeneous conditions. Therefore, 
the ratio of different diastereoisomers depends greatly on the reaction conditions used. 1.20 
R
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However, there are many other factors that may affect the presence or absence of a 
specific isomer. 
 
1.4       Complexation of Polar Organic Molecules by Resorcinarenes  
There are eight hydroxyl groups at the upper rim of the resorcinarenes, which can 
complex organic molecules containing polar substituents.  Aoyama et al. first recognized 
this feature a decade ago and they have studied this phenomenon extensively.1.21, 1.22 The 
complexation behavior of resorcinarenes for a variety of guest molecules such as sugars 
and steroids,1.23, 1.24, 1.25 amino acids,1.26 triethylamine and [2,2,2] cryptand1.27 has been 
studied.  
Following a study of the complexation of resorcinarenes with several 
cyclohexanediols, Aoyama found that, among all possible isomers, cis-1,4-
cyclohexanediol was bound the most tightly and the binding is eight times stronger than 
that of the corresponding trans isomers.1.28 The selectivity results from the preferred 
geometry of the cis-isomer where one of  two related hydroxyl is equatorial and the other 
is axial.  This 1,4-cis selectivity is also very important in the case of carbohydrate 
complexation.1.23 Although D-ribose is almost insoluble in pure CCl4  it was found to be 
readily extracted from a concentrated resorcinarene solution in CCl4. NMR investigations 
clearly showed that D-ribose is bound to resorcinarenes only in the α-pyranose form,1.23b 
which has a cis orientation of the hydroxyl groups at C-1 and C-4 (Figure 1.5).  Fucose 
and 2-deoxyribose were found more readily extracted than ribose, while xylose could not 
be extracted at all although only its configuration at C-3 is different.  These findings 
suggest that a cis relationship between the C-3 and C-4 OH’s is also very important for 
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complexation.  A trans 3-OH simply gave unfavorable interactions with the aryl ring 
between the two binding sites.  The OH at C-2 should also be cis to the C-3 and C-4 OHs 
or absent to avoid unfavorable exposure to the apolar solvent.  The substituents at C-5 
interact only with the apolar solvent and therefore should be  as  hydrophobic  as  
possible. 
 
 
 
Figure 1.5. Structure of the complex between Resorcinarene and D-ribose. 
Aoyama and co-workers discovered that the major binding force for complexation 
in apolar, organic solvent is hydrogen bonding to four pair of hydroxyl groups of  the 
resorcinarenes.  In addition to this, the interaction between an aliphatic moiety at the 
guest and the electron-rich aromatic rings in the host (CH-π interactions) also contributes 
to the binding. 1.24, 1.29 In aqueous systems,1.26, 1.30 in the absence of hydrogen bonding as a 
driving force for complexation, the affinity of resorcinarenes for polar guests is mainly 
determined by hydrophobic interactions.  Moreover, CH-π interactions play a very 
important role in the binding if the guest molecules are hydrophobic.1.29 
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1.5      The Significance of Complexation of Boronic Acid to Saccharides  
Boronic acids have been known since Michaelis and Becker first synthesized 
phenylbornic acid.1.31 Kuivila et al. published the first binding studies of diols with  
boronic acids in 19541.32, although borates were already known to be able to bind 
polyhydroxyl compounds at the beginning of last century.1.33 They postulated the 
formation of a cyclic boronic ester after they observed that boronic acids could solubilize 
saccharides and polyols. Now it is well known that boronic acids form covalent bonds 
with 1,2- or 1,3-diols to give five- or six-membered cyclic esters in both neutral 
nonaqueous and alkaline aqueous solutions (Figure 1.6). Norrild and Eggert reported the 
structures of the complexes of boronic acid with fructose and glucose under these 
conditions by 1H and 13C NMR spectroscopy.1.34   
 
 
 
Figure 1.6. Boronate ester formation with phenylboronic acid in alkaline aqueous 
solution (top) and aprotic media (bottom). 
 
 Hydrogen-bonding is the basis of the binding interactions between many synthetic 
molecular receptors and biologically important molecular species. In aqueous media, a 
serious drawback arises from the competitive hydrogen bonding by the solvent.  The 
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ability of boronic acid to readily form cyclic ester with saccharides in aqueous media 
provides an important binding force in the recognition of saccharides and related 
molecular species. As saccharides play an important role in the metabolic pathway of 
living organism, determination of the presence and the concentration of   sugars of   
biological   importance   (e.g.,  glucose, fructose) becomes necessary in the fields of 
medicine and industry.   
Lorand and Edwards published the first quantitative evaluation of the interaction 
between boronic acid and saccharides in 1959.1.35 They reported the selectivity order of 
phenylboronic acid towards several monosaccharides: D-fructose > D-galactose > D-
mannose > D-glucose.  They also discovered that the rigid, vicinal cis diols of saccharides 
form more stable cyclic esters than simple acyclic diols such as ethylene glycol. A variety 
of receptors containing a boronic acid moiety have been synthesized in different 
laboratories and employed for the recognition of mono- and oligosaccharides.1.36 The 
applications of these kind of studies range from the monitoring of fermenting processes 
in industry to the establishment of the enantiomeric purity of synthetic drugs.  Past 
enzymatic methods for sugar detection are limited in specificity.  In addition to this, 
sterilization conditions were sometimes used in enzymatic methods, which make 
enzyme-based sensors unstable. As a result, our group has designed and synthesized 
relatively stable receptors based on boronic acid. This has led to useful colorometric 
detection of saccharides.  Based on these results, it was our goal to determine the 
mechanism of color changes of our compounds in the presence of sugars for the purpose 
of designing new and improved sensors.  
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  CHAPTER 2 
CHROMOPHORE FORMATION IN RESORCINARENE SOLUTIONS 
 
2.1 Introduction 
This was a collaborative project. My contribution to this project includes: 
2.1.1   The identification of acyclic oxidized and unoxidized products from 
      resorcinarene fragmentation.  
 
2.1.2   The inhibition of resorcinarene fragmentation by free radical inhibitors. 
 
2.1.3   The identification and first x-ray crystal structure of the diamond stereoisomer. 
 
2.1.4   The identification of acid formation from the thermolysis of the resorcinarene 
           macrocycle.  
 
2.1.5   First x-ray crystal structure of trimethyl sulfonium methane sulfonate 
 
2.1.6   Identification of dihydroxy acetophenone from the fragmentation of a model  
           acyclic oligomer. 
 
2.2 Background 
 
Adolf von Baeyer studied the condensation reaction of resorcinol and 
benzaldehyde in acidic media in 1872.2.1 Upon the addition of base, the red solution he 
obtained turned to violet.  It is now known that Von Baeyer's reaction created 
macrocyclic compounds now called resorcinarenes..2.2 
 The great importance of resorcinarenes have been discussed in past reviews.2.2  
For example, resorcinarenes were the first compounds shown to bind sugars in apolar 
media.2.3  Lewis and Davis2.4 synthesized 2.1 and 2.2a and investigated their properties in 
the presence of sugars.  They observed eleven different solution colors of eleven different 
heated sugar solutions containing 2.1.2.5 They studied neutral carbohydrates, glucose 
phosphates, carboxylic acid and amino sugars.  The solution color changes were each 
rapid, quantifiable and reproducible.  They also showed that solutions containing 2.2b 
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exhibited relatively paler color changes in the presence of sugars compared to those 
containing boronic acids 2.1 and 2.2a or 2.3a.2.6   
Analyses of sugars are difficult due to their great structural similarity as well as 
transparency in most of the ultraviolet and in the visible region, (they lack chromophores 
or fluorophores).  The sensing of specific saccharides could aid the monitoring of disease 
or industrial fermentation products.  
 In 1887, Seliwanoff reported a resorcinol color test which was followed by other 
resorcinol-derived methods.2.7 These latter and numerous other related reducing sugar 
assays, while based on simple reagents, typically require toxic materials, harsh and often 
tedious procedures.2.8   
 
                                                 
HO OH
X X
2.3a X=Br, R=
2.3b X=H, R=CH3
2.3c X=C12H25, R=
OH OH
R
B(OH)2
B(OH)2  
Figure 2.1  Resorcinarenes and related condensation products that produce color changes 
in the presence of sugars.  
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In the 1990's significant progress was made towards the improved selective and 
mild detection of monosaccharides via relatively strong solution color changes 
observable by visual inspection.  The recent advances were due mainly to the pioneering 
efforts of Shinkai and coworkers.  Their studies were based primarily on aniline-
functionalized azo dyes containing appended arylboronic acids.2.9 
 Evidence that xanthenes form and serve as the active chromophores in 
resorcinarene solutions is presented.   
2.3 The Formation and Structure of the Chromophore in Resorcinarene 
Solutions   
 
 Lewis and Davis2.4 found that colorless DMSO solutions of freshly crystallized 
2.1 or 2.2a, (5.2 mM), upon standing in solution for several hours or upon heating at 90 
°C for 1 min, developed a pinkish-purple color.  The color formation was monitored via 
UV-vis spectroscopy.  The appearance of a new λmax at 535 nm was accompanied by a 
less intense absorbance at 500 nm.5.5 Initial attempts at understanding the origin of the 
solution color involved heating solutions of 2.1 in the dark or in O2 degassed conditions.  
In both cases they found that the color intensities diminished, as evidence by both visual 
inspection and UV-vis spectroscopy. 2.5    For instance, heating a solution of 2.1 (5.2 mM 
in DMSO) under O2 degassed conditions led to a 61% decrease in absorbance at 536 nm. 
Light and O2 apparently promote color formation.  In addition, upon acylation of the 
phenolic hydroxyls of 2.1 and heating a DMSO solution of the resultant octaacetate to 
reflux, the solution remained colorless.2.6 The phenolic hydroxyls thus also play a key 
role in chromophore formation.  We reasoned that the chromophore arises via oxidation 
of a resorcinol moiety to a quinone.2.5,2.6 
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Scheme 2.1.  Dehydration and oxidation of methine-bridged resorcinol oligomers leading 
to a xanthene. 
 
 We also heated solutions of resorcinol or benzeneboronic acid separately or as an 
equimolar mixture using the aforementioned conditions and concentrations, with and 
without added monosaccharides.  We observed only very faint solution colors by visual 
inspection.2.5 This result showed that a methine-bridged resorcinol/aldehyde 
condensation framework was needed for effective chromophore formation and optical 
sugar detection.  Interestingly, methine-bridged condensation product resorcinarene 
substructures, of which 2.3a and 2.3b are examples, were noted as reaction intermediates 
in standard xanthene dye syntheses (e.g., the transformation of 2.4 to 2.5, n=m=0, 
Scheme 2.1).2.15 
 Xanthenes are some of the oldest known synthetic dyes such as fluorescein, 
rhodamine, ethyl eosin, 2.6a and 2.6b and as well as many others.  Importantly, the 
colorimetric properties of xanthenes are a function of the ionization state of the C-6 
moiety2.16  (Figure 2.2). 
HO O
2.6a
O
CH3
6 HO OO
HO OH
2.6b
6
 
Figure 2.2   Xanthene dyes 2.6a and 2.6b. 
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They typically exhibit two absorbance maxima in the visible region.2.16 The 
absorption spectrum of 2.6b (5.0 x 10-6 M) in 9:1 DMSO:H2O is shown in Figure 2.2.  It 
exhibits a λmax at 530 nm and a less intense λmax at 500 nm.  Interestingly, the λmax 
absorbance values and spectral features are strikingly similar to those observed for 
colored DMSO solutions of 2.1 as well as 2.2a, 2.2b and 2.3a which we previously 
reported.2..6  
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Figure 2.3 2.2a (1.0 mg) and 2.3a (1.0 mg) each in 0.9 mL DMSO were heated to 
gentle reflux over two minutes and cooled to room temperature before 0.1 mL H2O was 
added to each solution.  The final concentrations of 2.2a and 2.3a in 9:1 DMSO:H2O are 
1.03 × 10-3 M and 1.96 × 10-3 M respectively.  A solution of 2.6b (5.0 × 10-6 M) was 
prepared at rt in 9:1 DMSO:H2O. 
 
 Incorporation of a planar xanthene within a resorcinarene macrocycle framework 
via the transformation shown in Scheme 2.1 would lead to a considerable increase in 
strain energy.  Simulations (Sybil 6.6) done by Jorge Escobedo show that an increase in 
strain energy of 34.2 kcal/mol would occur upon formation of a xanthene substructure 
within 2.2b (Figure 2.4).  Prior studies of the related calixarenes (macrocycles formally 
derived from phenol/formaldehyde condensations) showed that xanthenes did not form in 
cyclic tetrameric structures.2.17  
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 Ring opening to acyclic oligomers could thus be a prerequisite for xanthene 
formation from resorcinarenes.  It is known that the condensation reactions producing 
resorcinarenes are reversible under acidic conditions.2..2 The detailed mechanism of 
resorcinarene macrocycle genesis has been studied thoroughly by Weinelt and 
Schneider.2.18 They found that 2.2b and its macrocyclic stereoisomers interconverted via 
the intermediacy of acyclic oligomers.  Their studies included the rapid quenching of 
condensation reactions between resorcinol and either acetaldehyde or paraldehyde in 
MeOH in the presence of anhydrous HCl (Scheme 2.2).   
 
Figure 2.4  Energy-minimized structure (SYBYL® 6.6) of a hypotetical macrocyclic 
xanthene derived from 2.2b 
 Since the opening of a resorcinarene ring has only been previously shown to 
occur upon the addition of strong acid, our hypothesis of acyclic oligomer formation in 
aqueous or neat DMSO solutions without added acid warrants further analysis. 
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We observed that 1H and 13C NMR spectra of DMSO-d6 solutions of 2.1 (1.2 
mM), heated at 90 °C for 3 min (our initial sugar colorimetric detection conditions) 
exhibited no readily observable change in chemical shifts or peak area integrals 
compared to fresh, colorless samples.2.5 Xanthenes are strongly absorbing materials 
which need be only produced in trace (ca. 0.5 % conversion; see, for example, the 
concentrations and absorbances shown in Figure 2.3) amounts to afford solution colors 
under our conditions.  
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Scheme 2.2  Diagram of the reaction of paraldehyde and resorcinol showing the 
reversible formation of a variety of intermediates in acidic media including acyclic 
oligomers and resorcinarenes as reported by Weinelt and Schneider.2.18 
 
 
 
 
See Figure 1.4 for relative configurations of stereoisomers (rccc, rcct, rctt, and rtct). 
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2.4 Evidence for Acid Formation in DMSO Solutions 
 As a result of our experimental investigations, I found that more vigorous 
thermolytic conditions are necessary to afford conversion to significant amounts of 
products. Heating a DMSO (10 mL) solution of freshly recrystallized 2.2b (100 mg, 18.4 
mM) for 8 h at 120 °C followed by analysis via reversed phase high-performance liquid 
chromatography reveals the formation of numerous new products representing a 74 % 
conversion of 2.2b to products based on relative peak areas (Figure 2.5).   An HPLC 
trace 
of the pure macrocycle would only contain a peak at approximately 32 minutes. 
 Strong literature precedent allows us to propose that acyclic oligomers arise from 
2.2b via the in situ formation of strong acids.  It is known that acid production from 
DMSO is promoted by the presence of O2 and peroxides.2.19 In addition, in situ acid 
formation has been attributed as the cause of certain oxidations in DMSO.2.19b  We have 
noted the effect of O2 on resorcinarene solution color intensity. 
 
 
Figure 2.5 HPLC Trace of the thermolysis of the acetaldehyde derived macrocycle. 
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Acid formation observed during DMSO decomposition has been inhibited by free 
radical scavengers.2.19c If the decomposition of DMSO is producing acid in our systems, 
and the presence of acid is resulting in the formation of multiple products, then the 
addition of free radical inhibitors to our reaction conditions should inhibit product 
formation. I tested this hypothesis in our reactions. Under the same thermolysis 
conditions as noted above, but in the presence of free radical scavengers (either 
butylhydroxy toluene (BHT) or phenothiazene (PTZ), 10 mol %), I observed less than 28 
% conversion to products by HPLC analysis (Figure 2.6). 
 Further evidence that strong acids form under our conditions was presented in our 
recent report describing the first X-ray crystal structure of trimethysulfonium methane 
sulfonate 2.7, (CH3)3S+CH3SO3
-
 (Figure 2.7). 1.20 I was able to obtained this compound 
from a related thermolysis reaction of 2.2b in DMSO.  It is known that (CH3)3S+CH3SO3- 
forms, along with CH3SO3H, CH3SO2H and CH3SOH (and several other products) via 
the radical and acid promoted decomposition of DMSO.2.21 
  
                           
 
Figure 2.6 Top HPLC trace shows product inhibition by the addition of PTZ and bottom 
HPLC trace shows product inhibition by BHT. 
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Figure 2.7 Crystal structure if trimethylsulfonium methane sulfonate 2.7 
2.5 Macrocycle Bond Breaking and Oxidation of the Acyclic Products 
 Following the aforementioned result, I then turned my attention to identifying the 
products of macrocycle ring opening. I isolated 2.8 (Figure 2.8), a rarely observed 
"diamond" resorcinarene stereoisomer,2.22 in 2.3 % yield from the thermolysis of 2.2b in 
DMSO, via flash column chromatography. The structure of 2.8 was previously assigned 
(as the octabutyrate derivative) via NMR evidence during the acid-catalyzed 
condensation/isomerization studies of Schneider.2.18  
 As a result of obtaining single crystals suitable for X-ray analysis, grown via slow 
evaporation of a 9:1 CH2Cl2:MeOH solution of 2.8, I was able to report the first known 
crystal structure of any resorcinarene diamond isomer. The macrocycle molecule lies on a 
mirror plane in the crystal, with three methyl groups (C10, C8, and its mirror-related 
equivalent) relatively syn. The fourth methyl group, C18, lies on the mirror, and is anti to 
the other three. The resulting conformation is such that OH groups O1 and O4 both form 
intramolecular hydrogen-bonding contacts with their mirror-related equilavents on  
S
O
H3C O
O
S
CH2
CH3H3C
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adjacent aromatic rings. The H atoms in these contacts are disordered, with the two O 
atoms alternately donor and acceptor. The O…O distances are 2.712(2) Å for O1 and 
2.671(2) Å  for O4. There are two independent methanol molecules, both lying on 
mirrors and forming hygrogen bonds with external macrocyclic OH groups O2 and O3. 
Importantly, stereoisomer 2.8 can only form from 2.2b via bond rupture and 
reformation.2.18  If 2.8 were a conformer of 2.2b, the methyl group (C18), would reside 
outside, rather than above the plane of the macrocycle cavity. 
Acyclic products are also observed during the thermolysis of 2.2b.  A key 
reaction product, 2.3b is found in a broad HPLC fraction eluting from 16-19 min (Figure 
2.9).  
 
 
Figure 2.8 Compound 2.8 and ORTEP. 
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Figure 2.9 Top: Chromatogram of a reaction of resorcinol (rt=13.5 min) and 
acetaldehyde quenched after 10 min according with the procedure reported by Weinelt 
and Schneider2.18 showing the formation of 2.3b (rt-17.7 min) Bottom:  Chromatogram of 
the thermolysis of 2.2b (rt=30 min) showing the formation of 2.3b (rt=18 min). 
The 1H NMR spectrum of the isolate exhibits several peaks including each of the 
resonances associated with 2.3b2.18 (CH3OD δ 1.46, d, 3J = 7.3 Hz, 4.53, q, 3J = 7.3 Hz, 
6.18-6.22, m, 6.89, d, 3J = 8.0 Hz).  Overlay of the 1H NMR spectrum of the HPLC 
isolate with a sample of independently synthesized and isolated 2.3b confirms the 
assignment (Figure 2.10).  In addition, the MALDI MS of the HPLC fraction contains a 
peak at 245.59 amu (246.26 amu calcd).  The production of compounds 2.3b and 2.8 
under our conditions constitutes an important initial link between our investigations and 
the prior acid-catalyzed macrocycle genesis mechanism studies.2.18  
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Figure 2.10  Top: expansion of a 1H NMR spectrum of semipurified thermolysis reaction 
products of 2.2b showing the formation of 2.3b. Bottom: expansion of a 1H NMR 
spectrum of pure 2.3b. 
 I was also able to find evidence for higher order oligomer production under our 
conditions (vide supra) involving thermolysis of 2.2b in DMSO.  At least five sets of 
doublets appear between 0.72 and 1.53 ppm in the 1H NMR of each of two flash column 
fractions (TLC RF=0.54 and 0.63, 9:1 CH2Cl2:CH3OH, δ 1.53, 1.08, 1.01, 0.97, 0.83, 0.72 
ppm, and δ 1.29, 1.15, 1.00, 0.89, 0.84 ppm, CH3OD, respectively).  In addition, the 
MALDI mass spectrum (anthracene matrix) of other fractions (RF=0.29 and 0.44) exhibit 
peaks for higher homologues of 2.3b (entries 1 and 2, Table 2.1).  MALDI MS evidence 
also suggests the formation of xanthene materials not previously reported in previous 
fragmentation and equilibration studies of 2.2b (entries 3-6, Table 2.1).2.23, 2.24  
 
 
 
 
 
 
 
 
2.3b 
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Table 2.1. MALDI MS Evidence for the Formation of Acyclic Oxidized and Unoxidized 
Products from the Thermolysis of 2.2b 
 
Entry Structure TLC RF (m/z) calcd (m/z) obsd 
1 2.4, R=Me, 
m=1, n=0 
0.29 382.41 381.89 
2 2.4, R=Me, 
m=3, n=2 
0.44 926.36 926.28 
3 2.6a 0.44 226.23 225.61 
4 2.5, R=Me, 
m+n=4 
0.26 906.01 906.33 
5 2.5, R=Me, 
m+n=3 
0.84 770.79 770.82 
6 2.5, R=Me, 
n=1, m=0 
0.79 362.51 361.38 
  
 In order to study the formation of the oxidation products, in this case, the 
formation of xanthenes, I heated 2.3b, the parent acyclic unoxidized homolog attained via 
ring-opening of 2.2b.  Heating an air saturated solution of 2.3b (0.880 g, 3.576 mmol) 
dissolved in DMSO (78 mL) at 100 °C for 28 h leads to the formation of several 
products.  The complex 1H NMR of the crude mixture reveals the presence of resorcinol 
as the predominant (90 %) product as well as minor conversion to 2,4-
dihydroxyacetophenone 2.9 (ratio of integrals of resorcinol triplet 6.94 ppm to 2.9 
doublet at 7.76 ppm is 153:1, CH3OD) and very small traces of xanthene 2.6a (d, 7.65 
ppm).  
HO OH
O
2.9  
Figure 2.11   2,4-dihydroxyacetophenone (2.9) formed upon oxidation of a DMSO 
solution of 2.3b. 
 28
 The production of resorcinol and 2.9 (Figure 2.11) is consistent with the 
reversible opening and fragmentation of the resorcinarenes in acidic media.2.18  This 
result also complements our recent report describing the production of 4-
formylphenylboronic acid from 2.3c.2.25  Furthermore, in acidic media, the addition of 
water at the methine carbon of 2.4 (R=Ar, n=0, m=0) followed by elimination has been 
described as an intermediate step in the synthesis of xanthenes.2.26  
 We attain better conversion to xanthene 2.6a from 2.3b by limiting thermolysis 
time to 2 h.  The 1H NMR spectrum (DMSO-d6) of the crude reaction mixture clearly 
shows a doublet at 7.65 ppm characteristic of 2.6a with improved S/N compared to the 28 
h experiment (vide supra).  Resonances centered at 5.26, 6.49 and 6.60 ppm are also 
discernable, overlaying with the 1H NMR of an analytical sample2.26 of 2.6a.  Since 
oxidation to xanthenes can be promoted by peroxides and acid,2.26, 2.27 we should attain 
better conversion to xanthenes upon addition of these latter reagents.   
                          
Figure 2.12 Acid and peroxide formation increases formation of xanthene. 
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Indeed, K. Kim found that heating a solution of 2.3b (50 mg, 0.203 mmol), H2SO4 
(0.15 mL) and K2S2O8 (1.0 mg) in 1.5 mL MeOH at reflux for 2h produces the most 
significant conversion (4 % yield) of 2.3b to 2.6a we have observed to date (Figure 2.12). 
 We have shown that xanthenes form in solutions containing resorcinarene 
macrocycles (Scheme 2.1).  The O2-induced radical decomposition of DMSO leads to in 
situ strong acid formation.  The acid catalyzes a reverse condensation reaction to afford 
acyclic oligomers.  The acyclic oligomers undergo oxidation also via the action of acid 
and peroxide. 
2.6 Conclusion 
 We have presented strong evidence that the color observed in Baeyer’s initial 
resorcinarene condensation reaction2.1 was due to the presence of xanthenes.  In other 
words, he had created xanthene dyes at apparently low levels.  Interestingly, Fischer, who 
won the Nobel Prize for sugar research, presented his doctoral thesis to Baeyer in 1874 
on fluorescein and orcinol dyes.2.29  
 We have shown that the colored products existing in solutions of resorcinarene 
macrocycles can serve as colorimetric indicators.  I have also provided the first mass 
spectral evidence of higher order oligomers, the first evidence of xanthenes from 
resorcinarene fragmentation, the first x-ray structure of any resorcinarene “diamond” 
stereoisomer and the first x-ray crystal structure of trimethylsulfonium methane 
sulfonate. The main findings of the present study include (i) the determination of the 
origin and structure of the active chromophores, and (ii) elucidation of mechanisms 
associated with the solution color changes induced by sugars.   
 The investigation of the colorimetric and fluorimetric properties of 
resorcinarenes, xanthenes and related chromophoric materials is ongoing in our 
 30
laboratory.  Our efforts are now guided by the mechanistic studies described herein.  
Xanthene dyes containing well-positioned boronic acid or related binding moieties 
should find application as powerful receptors for saccharides and other polar analytes 
such as carboxylates and phosphates.   
 The resorcinarenes, however, do offer potential advantages compared to 
functionalized dye materials.  A great attraction is their ease of synthesis in one step on 
ca. 200 g scale.2.2d  Having addressed many of the main mechanistic issues associated 
with the colorimetric sugar detection process, we are now also focusing on the study and 
optimization of important applied sensing parameters such as detection selectivity, 
sensitivity and reversibility in aqueous and biological media.   
2.7 Experimental Section 
 General. Matrix Assisted Laser Desorption Ionization mass spectra were 
acquired using a Bruker Proflex III MALDI mass spectrometer with either anthracene or 
dithranol matrices.  FT-IR spectra were recorded at room temperature on a Perkin-Elmer 
1760X FT-IR spectrophotometer. UV-Visible spectra were recorded at room temperature 
on a Spectramax Plus (Molecular Devices).  Analytical thin-layer chromatography (TLC) 
was performed using general purpose silica gel on glass (Scientific Adsorbants).  Flash 
chromatography columns were prepared with silica gel (Scientific Adsorbants, 32-63 µm 
particle size, 60Å).  Analytic and preparative-scale HPLC were performed on a CM4000 
multiple solvent delivery system (Milton Roy) and a Spectromonitor 5000 photodiode 
array detector (LDC Analytical) using a Dynamax 60Å  C18 (21.4 mm ID x 25 cm L) 
with a flow rate of 5 mL/min. and a gradient of 50% water/MeOH to 100% MeOH in 20 
min. unless otherwise stated.  The following compounds were prepared according to 
literature methods: 2.1,2.4  2.2a,2.4 2.2b,2.32 2.3a,2.6 2.3b,2.18 and 2.6a.2.15  Isotopically 
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labeled D-fructose-2-13C was purchased from Isotec.  All other chemicals were purchased 
from Sigma or Aldrich and used without further purification.  Proton NMR spectra were 
acquired in either CD3OD, CH3OD or DMSO-d6 on a Bruker DPX-250, DPX-400, or 
AMX-500 spectrometer.  All δ values are reported with (CH3)4Si at 0.00 ppm or DMSO 
at 2.45 ppm as references.   
X-ray crystallographic data.  Intensity data were collected on a Nonius Kappa CCD 
diffractometer equipped with MoKα radiation and a graphite monochromator.  The 
sample was cooled to 120 K by an Oxford Cryosystems Cryostream chiller.  Data 
collection parameters and crystallographic data are provided in Supporting Information.  
Absorption and decay effects were negligible.  The structure was solved by direct 
methods, using SIR9730 and refined using SHELXL97.31  H atoms were observed in 
difference maps, but were constrained to be in idealized positions in the refinement.  OH 
hydrogen atoms are all disordered into two sites, all of which were treated as half 
populated.  O-H distances were constrained to be 0.84 Å, but otherwise, these H positions 
were refined. 
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CHAPTER 3 
  
SYNTHESIS OF METHYL RESORCINOL-FORMALDEHYDE OLIGOMERS 
AS NOVEL INDICATORS 
 
3.1  Introduction 
 The mechanism accounting for the color changes in resorcinarene solutions was 
explained in the previous chapter.  In this mechanistic study, it was also found that 
aldonic acids, formed from reducing sugars in situ upon heating in DMSO, promoted 
solution color changes via a charged hydrogen bonding interaction with the xanthene 
chromophore.3.1 This latter interaction perturbed the ionization state of the C-6 hydroxyl  
of the dye (Figure 3.1). As a result of this study, attention was next turned to the synthesis 
of new indicators which would enhance the optical response to the colored solutions of 
the sugars. The target indicators were in this case methyl resorcinol-formaldehyde 
oligomers. 
 
Figure 3.1 Charged hydrogen bonding between carbohydrates and proximal hydroxyls of 
3.1 and 3.2. 
 
Resorcinol-formaldehyde resins have been of great importance to the rubber 
industry for over 40 years. Rayon, nylon, fiberglass, polyester, steel, and aramid cords 
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have been successfully bonded to rubber with resorcinol-based adhesives.3.2-3.8 
Improvements in these products and wider utilization of these products have necessitated 
a more complete understanding of how these materials function. The ability to analyze 
the structure of these resins is very important because the resin structure is closely related 
to resin function. In this reaction, resorcinol reacts with formaldehyde in alkaline medium 
at low temperatures. The reaction products are mixtures of addition and  condensation 
compounds which react further to form high molecular compounds, mostly infusible and 
insoluble.3.9 Characterization of these resins has been very difficult in the past, owing to 
the complexity of these systems and to inherit limitations of the methods of analysis.3.10-
3.19 13C NMR has been most successful analytical tool used to characterize phenol-
formaldehyde resins,  and to a much lesser extent resorcinol-formaldehyde resins.3.20-3.24   
In our study however, we decided to utilize the synthesis of resorcinol-
formaldehyde oligomers for a very different aim. We sought to overcome the obstacles 
previously occurred in the synthesis and characterization of resorcinol-formaldehyde 
resins for the purpose of utilizing the polymers as indicators which will selectively detect 
sugars. However, instead of using resorcinol in our studies, the selected material was 2-
methyl resorcinol. The structure of the polymer is the main reason we sought to utilize it 
as a potential indicator. The polymer structure is analogous to the linear oligomeric 
products we identified in the fragmentation of the resorcinarene macrocycle. Knowing 
that the ionization state of the C-6 moiety is a direct function of the colorimetric 
properties of xanthene dyes and the oligomeric products of the resorcinarene macrocycle, 
we reasoned that the presence of several hydroxyl groups on the oligomeric chain would 
result in better selectivity in the detection of sugars (Figure 3.2).  Utilization of the 
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oligomers as indicators depended upon the isolation and characterization of the 
oligomers, which in the past has been proven to be very difficult.3.4 
R
OH HO HOOH
R R
OH OH HO HO
n m
3.4  R = alkyl, Ar
       n = 0, 1, 2, etc.
       m= 0, 1, 2, etc.
3.3  n = 0, 1, 2, etc.
OH HO HOOHOH OH
n
 
Figure 3.2 Structure of 2-methyl resorcinol-formaldehyde oligomers 3.3 compared to 
oligomeric products of resorcinarene fragmentation 3.4 
 
3.2  Results and Discussion  
In an effort to synthesize the 2-methy resorcinol-formaldehyde oligomer, a model 
reaction was studied. This model study consisted of reproducing the resorcinol-
formaldehyde resin. In addition to obtaining the oligomeric products, I was also able to 
obtain a crystal structure of one of the oligomers (Figure 3.3). As a result of the 
successful synthesis of the model resorcinol-formaldehyde oligomers, I sought to 
synthesize the 2-methyl resorcinol formaldehyde oligomers.  
 
Figure 3.3 Crystal structure of resorcinol-formaldehyde oligomer (Sybyl 6.6) 
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Scheme 3.1 describes the synthesis of the 2-methyl resorcinol-formaldehyde 
oligomers. The starting material was 2-methyl resorcinol 3.5, which was allowed to react 
with formaldehyde 3.6 in MeOH. After cooling the solution and dilution with water, the 
desired products 3.3 was obtained in a 78% yield.  
         3.3  n = 0, 1, 2, etc.
OH HO HOOHOH OH
n
OHHO
O
3.5 3.6
MeOHH
H
 
 
Scheme 3.1 Synthesis of 2-methyl resorcinol-formaldehyde oligomers 3.3 
In an effort to characterize the oligomeric products, I first analyzed the product by 
TLC.  Analysis by TLC showed evidence of several products, which had very close Rf 
values. 1H NMR spectrum of the product proved difficult to analyze as a result of the 
complex mixture. This prompted me to analyze the product by MALDI MS and FAB. By 
MALDI MS and FAB, there is evidence of several oligomeric products (Table 3.1). 
Table 3.1 MALDI MS and FAB Evidence for the Formation of unoxidized 2-methy 
resorcinol-formaldehyde oligomeric products 
 
 
Entry Structure  (m/z) calcd (m/z) obsd 
1 3.3, n=0  260.29 259.30 
2 3.7, n=2  532.58 532.65 
3 3.8, n=3  668.73 668.73 
4 3.9, n=4  804.88 804.80 
5 3.10, n=5  941.02 941.00 
     
 
 
 
 
80 º C 
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There is also evidence by MALDI MS and FAB of the formation of oxidized 2-
methyl resorcinol-formaldehyde oligomers. MALDI MS and FAB peaks at 241.9 amu 
and 513 amu indicate the presence of the oxidized dimer and tetramer with calculated 
amu of 240.25 and 512.55 respectively. 
I attempted to isolate the oligomeric products by flash column chromatography, 
however this attempt was unsuccessful. I then turned my attention towards the separation 
and isolation of the oligomeric products via HPLC (Figure 3.4). As a result of each of the 
products eluting at very close times, successful separation was not achieved. Although 
eluting times 13.5, 20.9, and 31.4 seem to be well resolved, when isolated, these products 
consist of oligomeric mixtures. 
 
 
Figure 3.4  HPLC Chromatogram of 3.3 
3.3  Conclusion 
 
 In summary, I have synthesized 2-methyl resorcinol-formaldehyde oligomers. 
However, due to the difficulty in separating the various oligomeric products, which is 
common in resorcinol-formaldehyde resins, we have not yet used this product for the 
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detection of saccaharides. Future work involves isolation of the oligomeric products and 
utilization of these products towards the detection of sugars. 
3.4   Experimental Section 
 
 General.  Matrix Assisted Laser Desorption Ionization mass spectra were 
acquired using a Bruker Proflex III MALDI mass spectrometer with either anthracene or 
dithranol matrices. Analytical thin-layer chromatography (TLC) was performed using 
general purpose silica gel on glass (Scientific Adsorbants).  Flash chromatography 
columns were prepared with silica gel (Scientific Adsorbants, 32-63 µm particle size, 
60Å).  Analytic and preparative-scale HPLC were performed on a CM4000 multiple 
solvent delivery system (Milton Roy) and a Spectromonitor 5000 photodiode array 
detector (LDC Analytical) using a Dynamax 60Å  C18 (21.4 mm ID x 25 cm L) with a 
flow rate of 5 mL/min. and a gradient of 50% water/MeOH to 100% MeOH in 20 min. 
unless otherwise stated. All other chemicals were purchased from Sigma or Aldrich and 
used without further purification.  Proton NMR spectra were acquired in either CD3OD, 
CH3OD or DMSO-d6 on a Bruker DPX-250, DPX-400, or AMX-500 spectrometer.  All δ 
values are reported with (CH3)4Si at 0.00 ppm or DMSO at 2.45 ppm as references.   
Compound 3.3 (Oxidized and unoxidized oligomeric compounds) To a solution of 2-
methyl resorcinol 3.5  (1g, 8.06 x 10-3 mol) and in methanol (3 mL) was added  37% 
formaldehyde 3.6  (0.21 mL, 0.2221 mol). The mixture was stirred 1.5 hours at 80 °C. 
Following heating, the mixture was allowed to cool to room temperature and was diluted 
with water (7 mL). This mixture was then allowed to sit at room temperature overnight. 
The solution afforded 0.8 g (80.0 %) of a light pink solid, which was filtered and dried 
under vacuum. 1H NMR  (250 MHz; CH3OD δ: 2.09 (q, J= 4.98 Hz, 4H), 3.68 (d, J= 3.99 
Hz, 2H), 6.30 (q, J= 11.33 Hz, 4H), 6.77 (q, J= 8.46 Hz, 4H) 
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CHAPTER 4 
 
THE SYNTHESIS OF NOVEL INDICATORS FOR SIMPLE AND RAPID 
VISUAL SENSING OF SACCHARIDES AND BIOMOLECULES OF INTEREST 
 
4.1  Introduction 
Facile methods for detecting and monitoring saccharides are of immense 
importance to medical diagnostics and industry.  A current challenge in this area is the 
fabrication of readily accessible, stable artificial receptors that promote fast, sensitive and 
selective detection.4.1 Materials such as this could lead to improved indicators relative to 
degradable enzyme-based systems or to those requiring complex and expensive syntheses 
or instrumentation.   
The visual determination of saccharides has been of great interest for more than a 
century.  In 1887 Seliwanoff reported a resorcinol color test that was specific for 
ketoses.4.3 Other resorcinol-based color tests for sugars were later developed.4.4,4.5 These 
tests and other related reducing sugar assays  however were based on harsh methods 
which included high toxicity, corrosiveness, and heating. Some of the past methods also 
suffered from harsh interference from compounds such as neutral carbohydrates, 
cysteine, thiols, proteins and certain metal ions. Great progress has been made towards 
the enhanced selective visible detection of saccharides via the pioneering studies of 
Shinkai and coworkers.4.1.4.6 A previous review underscored the lack of sugar receptors 
that promote dramatic color changes in the presence of individual analytes.4.1 Detecting 
the presence and concentration of biologically important sugars such as glucose, fructose, 
and galactose is necessary in many medicinal and industrial applications. D-glucose 
recognition is also of interest because the breakdown of glucose transport in humans has 
been correlated with many diseases.  
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Building on our mechanistic knowledge which was reported in Chapter 2, our 
goal was directed towards the synthesis of new and improved indicators which would be 
more powerful, selective, rapid and efficient. To this end, the synthesis of two novel 
indicators which have potential applications towards the detection of saccharides and also 
biowarfare molecules will be discussed.   
4.2  Synthesis of Diamine Tripod  
 Scheme 4.1 describes the synthesis of the diamine 4.4. The reaction began with a 
known synthesis by Tunstad and co-workers4.7 to obtain 4.3. The starting material was 2-
nitroresorcinol 4.1 which was allowed to react with acetaldehyde 4.2 in ethanol to form 
4.3. 4.7 After reducing 4.3 in the presence of sodium borohydride and paladium on carbon 
(10%) in water, the product was extracted in ether, dried and stabilized by acidification.  
Following drying, the desired compound 4.4 was obtained in a good yield (80%). 
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Scheme 4.1 Synthesis of 4.4  
I successfully obtained crystals of the acid of 4.4 (Figure 4.1) following protonation with 
concentrated HCl. Compound 4.4 will be utilized as a synthetic building block for the 
synthesis of larger compounds as indicators.  
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Figure 4.1 Crystal structure of diamine tripod 4.4 (protonated) 
4.3  Synthesis of Diamine Fluorescein (DAF) Compound 
 As a result of successfully synthesizing the diamine tripod, our efforts turned 
towards the synthesis of a more powerful dye which did not require extensive 
functionalization in order to be utilized as an indicator. To this end, I have synthesized 
the diamine fluorscein compound 4.6. The synthesis of 4.6 was achieved by reducing 4,5-
dinitro fluorescein 4.5 in the presence of sodium borohydride and paladium on carbon 
(10%) in water at room temperature while stirring overnight (Scheme 4.2). The product 
was then extracted in ether, dried and stabilized by acidification. After drying, the desired 
compound 4.6 was obtained (85%). 
Scheme 4.2 Synthesis of the diamine fluorescein (DAF) compound 4.6 
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4.4 Application of DAF Toward the Detection of Saccharides 
It is a well-known fact that under certain conditions saccharides form colored 
complexes with amines. This reaction is known as the Maillard reaction, which is also 
referred to as non-enzymatic browning.4.8 It is actually a complex set of reactions that 
takes place between amines usually from proteins and carbonyl compounds, generally 
sugars, especially glucose, fructose, maltose or lactose.4.9 
 The initial step involves the reaction between a reducing sugar and a primary 
amino acid. Loss of water from this molecule produces an imine or the Schiff base that is 
able to cyclize, resulting in the formation of an N glycoside (a sugar attached to an NR2 
group) which is a yellow color (Scheme 4.3).  
 
 
Scheme 4.3 Maillard Reaction 
 Upon prolonged heating this product turns a dark brown color. This process is 
very important for food preparation and processing because it results in desirable 
browning, for example, during baking, roasting of meat, and malt preparation but also in 
discoloration, which is observed in heat-treated milk products, among others. 4.8                   
 Since our diamine fluorescein compound 4.6 is a dye and also possesses primary 
amines, we decided to react this compound with sugars in order to obtain a color change. 
This was achieved by reacting 4.6 with glucose in methanol to obtain the Schiff base 
product 4.7. Compound 4.7 was then reacted with potassium cyanide, a soft nucleophile, 
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in methanol to obtain the more stable and newly colored complex 4.8 (Scheme 4.4) along 
with other side products, which are not shown.  
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Scheme 4.4 Reaction of DAF 4.6 with glucose 
 The Schiff base product can be mono-substituted or di-substituted. The mono-
substituted product was confirmed by MALDI MS (Figure 4.2). The top 1H NMR 
indicates the diamine fluorescein compound, the middle 1H NMR indicates the presence 
of the Schiff base 4.7 and the bottom 1H NMR indicates the final product  after the 
addition of cyanide (aminonitrile 4.8). The two singlets at 6.8 ppm possibly indicate the 
Schiff base product. Upon the addition of cyanide, these two singlets dissapear, further 
indicating the conversion to the aminonitrile product 4.8. These results can be observed 
visually as shown in Figure 4.3.  
 This reaction (Scheme 4.4) can also be monitored by UV-vis where upon the 
addition of potassium cyanide to the vials, an increase in absorbance is observed at 550 
nm, indicating the presence of sugars (Figure 4.4).  
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Figure 4.2 1H NMR and MALDI MS of 4.6-4.8. MALDI MS indicates the mass of the 
mono-substituted product. Top 1H NMR (a): DAF starting material. Middle 1H NMR (b): 
Schiff base product. Circled are two peaks, which are possibly indicative of the Schiff 
base product. Bottom 1H NMR (c): Final product 4.8, after the addition of cyanide. There 
is an absence of the two possible Schiff base peaks and an upfield shift after the addition 
of cyanide. 
 
 
 
 
 
 
 
 
Figure 4.3 Visual Detection of Saccharides with DAF. Vial #1 first contained DAF, vial 
#2 contained DAF + glucose, and vial #3 contained DAF + fructose. Upon the addition of 
potassium cyanide to all three vials, there is a selective color change distinguishing the 
presence of the sugars.  
O OHHO
O
N NH2
O
CH2OH
HO
HO
OH
HO
4.7a
a 
b OHO N
CH 2OH
HO
HO
OH
HO
c 
OHO
NH
CH2OH
HO
HO
OH
HO
NC
 48 
  
Figure 4.4 UV-vis data displaying the interaction of DAF with saccharides in methanol 
at room, temperature. Line 1: DAF with KCN; line 2: DAF with KCN and D-glucose, 
line 3: DAF with KCN and D-fructose.Concentration of DAF is 5.5x10-4 mol/L. 
Concentration of saccharides is 4x10-3 mol/L. 
 
4.5       Detection of Saccharides via Periodate Oxidation 
 It is known that sugars can be oxidized using periodate (Scheme 4.5). Hydroxyl 
groups in non-reducing sugars are converted to aldehyde groups by periodate oxidation, 
followed by further conversion to carboxyl.4.10 This method of oxidation has been and is 
currently being utilized in the sensing of saccharides. However, known methods have 
limitations. 
 In 1996 Masuda and co-workers developed a method using postcolumn 
fluorescent derivatization for the detection of sugar in vegetables.4.11 Sugar types and 
concentrations in vegetables affect their taste. Thus, the measurement of taste-related 
sugars such as sucrose, D-fructose, and D-glucose is indispensable for quality evaluation.  
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Scheme 4.5 Oxidation of Sugars with Periodate (dialdehyde major product) 
Masuda’s method however, involved producing fluorescent derivatives of 
guanidine by heating the oxidized derivatives of sugars in alkaline solution.4.11 Other 
methods which involved periodate oxidation for the detection of sugars include normal 
phase chromatography on amino-bonded silica (NH2 type) columns using acetonitrile-
water as mobile phase with refractive index detectors.4.12 This procedure provides 
advantages of high resolution of various sugars and repeated analysis without 
initialization of the column condition. However, detection is not specific for sugars, and 
other components such as organic acids and amino acids interfere with the measurements. 
Fluorophore labeled carbohydrate electrophoresis also utilizes oxidized saccharides for 
detection. This method involves several steps, which include labeling of carbohydrates, 
separation of the saccharide by polyacrylamide gel and then imaging.4.13  
We have accomplished a means to effectively detect saccharides by oxidation 
visually and rapidly. This is accomplished by first oxidizing the sugar with sodium 
periodate to form a dialdehyde and other byproducts such as formaldehyde and formic 
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acid. The dialdehyde is then reacted with DAF 4.6 in water to obtain a Schiff base 
product (Scheme 4.6). The formation of the aldehyde by periodate oxidation was proven 
by 1H NMR. Although the final Schiff base product 4.8a was not isolated or proven by 
1H NMR, we are able to base the product formation on similar reactions that are found in 
the literature.4.8, 4.12, 4.14 
 
 
 
 
 
Scheme 4.6 Detection of Saccharides Using DAF and Periodate Oxidation 
 
 
 
Figure 4.5 Visual Detection of Saccharides Using DAF and Periodate Oxidation; control  
solution  consisted of DAF and sodium periodate 
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These results can also be observed visually (Figure 4.5), where upon the addition of the 
oxidized saccharides to the control solution which is yellow, there is an immediate color 
change to deep purple. In addition to its efficiency and rapidness, a major benefit of this 
method is its ability to take place in aqueous conditions. 
4.6  Application of DAF Toward the Detection of Cyanide 
 In lieu of September 11, 2001, there is a growing effort to synthesize compounds 
for the fast detection of biomolecules of interest. In addition to this, exposure to cyanide 
originating from industrial processes, tobacco smoking, drug administration and dietary 
intake of cyanogenic glucosides is a problem related to human health because of its high 
toxicity and there have been several studies on the analysis of biological fluids, especially 
blood, for cyanide.4.15-4.17  
         
 
 
 
 
 
 
 
 
 
 
Scheme 4.7 Detection of Cyanide with DAF 
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Further, in biological analysis for cyanide, the previous methods of detection such as 
spectrophotometric methods using pyridine and various other compounds, suffer from 
insensitivity or instability of the reaction products. 4.18 
In addition to utilizing DAF 4.6 for the detection of saccharides, we are also able 
to visually and rapidly detect cyanide with DAF 4.6.  This was attained by reacting 
hydroxy substituted aldehydes with 4.6 in methanol at room temperature to obtain the 
Schiff base 4.9. Compound 4.9 is then reacted with potassium cyanide to achieve the 
more stable and newly colored complex 4.10 (Scheme 4.7). The formation of 4.10 was 
supported by analytical techniques such as such 1H NMR and also MALDI MS (Figure 
4.6). 
 
 
Figure 4.6 1H NMR and MALDI MS data for 4.10. Spectra A indicates the presence of 
aldehyde and Schiff base peaks in the starting produicts. Spectra B displays the absence 
of aldehyde and Schiff base peaks. 
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     DAF +           CN-                DAF +           CN-               DAF +           CN - 
 
Figure 4.7 Visual Detection of Cyanide with DAF and Aldehydes 
 This reaction can also be monitored by UV-vis  Upon the addition of cyanide to 
the DAF/aldehyde complex in methanol, there is an increase in absorbance at 414 and 
540 nm (Figure 4.8).  
Figure 4.8 Interactions of CN- anion with diamine fluorescein and 3,4-dihydroxy 
benzaldehyde in methanol. Concentration of dye and aldehyde is 2.7 x 10-5 mol/L. 
Concentration of cyanide has been gradually increased from 0 to 800 equivalents. 
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Figure 4.9 Representation of absorbance vs. concentration of cyanide in the model 
system  
 
4.7  Conclusion and Future Work 
 
The synthesis of two new compounds which have applications as indicators has 
been described. The diamine tripod 4.4 has potential applications for sensing. Future studies 
involve its utilization as a building block for the synthesis of larger compounds as 
indicators. The diamine fluorescein 4.6 successfully detects the presence of glucose and 
fructose under two different conditions, the first being in the presence of potassium cyanide 
and the second involves the detection of saccharides via periodate oxidation. These two 
new methods successfully detect saccharides visually, rapidly and efficiently without 
requiring a laborious synthetic route in order to achieve the target indicator. Future studies 
will involve the establishment of the detection limits and also a complete analysis of 
compounds that may cause interference.  
Compound 4.6 also detects cyanide. The method of detection that we have 
established has potential applications toward the fast detection of cyanide in biological 
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fluids and biowarfare weapons. Other on going projects include the use of DAF for the 
detection of various compounds such as saccharides, amino acids and anions by 
complexation with various metals. 
4.8  Experimental Section 
General.  Matrix Assisted Laser Desorption Ionization mass spectra were acquired 
using a Bruker Proflex III MALDI mass spectrometer with either anthracene or dithranol 
matrices. Analytical thin-layer chromatography (TLC) was performed using general 
purpose silica gel on glass (Scientific Adsorbants). All other chemicals were purchased 
from Sigma or Aldrich and used without further purification.  Proton NMR spectra were 
acquired in either CD3OD or DMSO-d6 on a Bruker DPX-250, DPX-400, or AMX-500 
spectrometer.  All δ values are reported with (CH3)4Si at 0.00 ppm or DMSO at 2.45 ppm 
as references.  UV-visible spectra were recorded at room temperature on a Spectramax Plus 
(Molecular Devices). 
X-ray crystallographic data.  Intensity data were collected on a Nonius Kappa CCD 
diffractometer equipped with MoKα radiation and a graphite monochromator.  The sample 
was cooled to 120 K by an Oxford Cryosystems Cryostream chiller.  Data collection 
parameters and crystallographic data are provided in Supporting Information.  Absorption 
and decay effects were negligible. The structure was solved by direct methods, using 
SIR9730 and refined using SHELXL97.31 H atoms were observed in difference maps, but 
were constrained to be in idealized positions in the refinement.  OH hydrogen atoms are all 
disordered into two sites, all of which were treated as half populated.  O-H distances were 
constrained to be 0.84 Å, but otherwise, these H positions were refined. 
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Compound 4.4 A suspension of 10% Pd/carbon (0.69g) in 40 ml H2O was added in a 250 
ml round bottom flask. To this, a solution of NaBH4 (1.46g, 0.014 mol) in 70 ml of H2O 
was added. The mixture was stirred under Ar(g). A solution of 1,1-Bis (2,4-dihydroxy-3-
nitrophenyl)ethane 4.1 (1g. 0.006 mol) in 22 ml of NaOH (3M) was added to the solution 
dropwise. The mixture was allowed to stir at room temperature for 24 h.  
After 24 h, the carbon was filtered out of the mixture. The filtrate was then acidified 
with 2M HCl, followed by neutralization using 3M NaOH. The mixture was extracted with 
ether (3X, 200 ml), dried with MgSO4 then filtered. The filtrate was acidified with 
concentrated HCl, and stored at 4° C for 24 h. Thus affording a cloudy yellow layer, which 
was decanted. The solvent was removed from the decanted solution and dried to give 1.10 g 
of diamine tripod 4.4.1H NMR (250 MHz, DMSO-d6) δ: 1.33 (d, J=6.45 Hz, 3H); 4.91 (q, 
J=6.95 Hz, 1h); 6.49 (d, J=8.4 Hz, 1h); 6.82 (d, J=8.65 Hz, 1H); 9.51 (s, 1H), 10.44 (s, 1H), 
10.64 (s, 1H). 13C NMR (250 MHz, DMSO-d6) δ: 20.5, 35.0, 110.0, 110.6, 121.2, 130.1, 
150.0, 154.3. MALDI MS calcd for C14H16N2O4: 274.0 m/z; observed: 276.29 m/z. 
Compound 4.6 A suspension of 10% Pd/carbon (0.25g) in 25 ml H2O was added in a 250 
ml round bottom flask. To this, a solution of NaBH4 (0.54g, 0.015 mol) in 50 ml of H2O 
was added. The mixture was stirred under Ar(g). A solution of 2,5-dinitrofluorescein 4.5 
(1g, 0.002 mol) in 25 ml of NaOH (3M) was added to the solution dropwise. The mixture 
was allowed to stir at room temperature for 24 h.  
After 24 h, the carbon was filtered out of the mixture. The filtrate was then acidified 
with 2M HCl, followed by neutralization using 3M NaOH. The mixture was extracted with 
ether (3X, 200 ml), dried with MgSO4 then filtered. The filtrate was acidified with 
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concentrated HCl, thus affording a yellow solid, which immediately precipitated out of 
solution. The product mixture was then stored at 4° C for 24 h.  
After 24 h, the solid was then filtered and dried under vacuum. The product was 
then isolated by flash column chromatography (gradient elution of 10% MeOH/ 90% 
DCM). The isolated product was dried to give 0.78g. 1H NMR (MeOH-d6) δ: 2.15 (s, 1H); 
6.75 (d, J= 8.807, 1H); 6.85 (d, J= 8.768, 1H); 7.28 (d, J= 6.125, 1H); 7.78 (m, 2H); 8.04 
(d, J= 7.008, 1H). 13C NMR (250 MHz, DMSO-d6) δ: 36.4, 108.3, 111.9, 115.6, 126.5, 
127.7, 129.6, 130.0, 130.7, 132.3, 143.0, 147.2, 150.1, 169.2. MALDI MS calcd for 
C20H14N2O5: 362.3 m/z; observed: 362.04 m/z. 
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CHAPTER 5 
 
THE SYNTHESIS OF A NEW CATIONIC CHIRAL SURFACTANT  
 
5.1  Introduction 
Surfactant molecules consist of a polar or ionic group (head) and a hydrophobic 
tail.5.1 At low concentrations, surfactants are dispersed in solution.5.2 However, at higher 
concentrations, above what is known as the critical micelle concentration (CMC),5.2  self-
assembly occurs and micelles are formed. Thus, “normal” micelles consist of a hydrophobic 
core, with the polar groups at the surface. The average number of surfactants molecules 
which form a micelle is defined as the aggregation number (N). Small micelles typically 
have N values in the range of 40-140.5.3 Surfactants are classifies according to the type of 
polar head group, i.e. anionic (R-X-M+), cationic (R-N+(CH3)3X-), zwitterionic (R-
N+(CH3)2CH2CH2X -), or non-ionic (R-(OCH2CH2)nOH), where R is a long aliphatic chain; 
M+ is typically a metal ion; X- is typically a halogen, carboxylate, sulfonate or sulfate, and 
the subscript “n” is an integer.5.3,5.4  
The structure of the micelle is determined by an equilibrium between repulsive 
forces (ionic) and short-range attractive forces (van der Waals). The size and shape of the 
micelle is somewhat uncertain and has been discussed and debated on in the past.5.5-5.10 
Despite the varying views of micelles in terms of size and shape, neutron small-angle 
scattering experiments on sodium dodecyl sulfate (SDS) and other ionic micelles support 
that of a spherical micelle. 5.11-5.13 
It has been established that dynamic equilibria between surfactant monomers and 
micelles inhibit accurate estimation of the shape of the micelle.5.14 For this reason, Kammer 
and Elias 5.14 suggested to lock the micellar structure by polymerizing the amphiphiles 
which make up this structure. This process requires that the surfactants contain 
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polymerizable groups. Past studies suggest that polymeric surfactants possess properties 
similar to conventional (non-polymeric) micelles. 5.15-5.16 Moreover, due to the covalent 
bonding of polymeric surfactants, some unique properties and potential applications exist in 
areas such as analytical separations, catalysis, and drug delivery systems. Some of the 
differences between polymeric surfactants and conventional micelles are outlined in Table 
5.1.  
 
Table 5.1 Properties of Polymeric Surfactants Compared to Conventional Micelles 
 
POLYMERIC SURFACTANTS CONVENTIONAL MICELLES 
Homogenous: can be purified due to 
stability 
Heterogeneous: cannot be purified due to 
dynamic equilibrium 
Stable below CMC 
 
By definition, unstable below CMC 
Stable below CMC Micelle concentration varies with 
concentration of organic solvent 
 
Stable in presence of inclusion molecules 
such as cyclodextrins 
Micelle concentration varies with 
concentration of inclusion molecules such 
as cyclodextrin due to inclusion of 
monomer 
 
Properties can be manipulated and then 
fixed through polymerization 
Properties can be manipulated, but not 
fixed 
 
 
Another major comparison of polymeric surfactants to conventional micelles is that 
polymeric surfactants must be synthesized. Numerous synthetic organic reagents are 
produced and used because of their many advantages over naturally occurring 
reagents.5.135.15  
The separation of enantiomeric mixtures into individual optical isomers is one of the 
most challenging problems in analytical chemistry. Many researchers have focused much of 
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their careers into understanding and achieving these challenging problems.5.16-5.18 This 
interest focuses on practical considerations which are important to many areas of science, 
particularly the pharmaceutical and agricultural industries. For example, it is apparent that 
many drugs are chiral and therefore most formulations of these chiral drugs involve racemic 
mixtures rather than a pure form of the drug. The problem is that one optical form of a 
racemic mixture may be medicinally useful while the other optical form may be very toxic, 
as in the case of thalidomide.5.19-5.20In other cases, one form may have no medicinal value 
or an entirely different medicinal property. These observations have resulted in the recent 
release of new FDA guidelines regulating the marketing of chiral drugs. Such regulation 
has suggested a potential for growth in the chirotechnology industry, particularly in the area 
of chiral drug separations.5.21 
The concerns with optical purity have resulted in chiral drugs being extensively 
evaluated prior to large-scale manufacturing. These evaluations have focused on a 
heightened concern for drug efficacy and a minimization of the toxic side-effects which 
may be attributed to a particular enantiomer or to the interaction of both enantiomers in a 
racemic mixture. The resolution of individual optical isomers has in the past required 
considerable time, effort, and expense. Thus, there continues to be a growing need for the 
development of new methodologies for improved chiral separations.  
A continuous effort is being made by an analytical group at Louisiana State 
University toward the development of organized media for better analytical measurements.  
This effort is primarily in the area of separation science via the utilization of polymeric 
surfactants. To date, most of their studies have employed anionic micelles. The anionic 
micelles have proved fruitful for analyses of cationic and neutral analytes, however they 
were sometimes limited for the analyses of anionic analytes due to charge repulsion. A 
solution to this problem is the use of cationic micelles. To this end, we are working in 
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collaboration with an analytical group at Louisiana State University in order to synthesize 
new cationic chiral surfactants.  
Herein, the synthesis of two new cationic chiral surfactants is presented. The 
surfactants will subsequently be polymerized by the analytical group and utilized for chiral 
separation via capillary electrochromatography (CEC). This is achieved by flashing a 
capillary which has been coated with silanol groups. Following coating of the cationic 
polymer the capillary will be coated with an anionic polymer to achieve a negative-positive, 
negative-positive effect (Figure 5.1). 
 
 
 
Figure 5.1 Scheme of the capillary profile. Capillary wall consisting of silanol groups is 
represented in layer (1),cationic polymeric surfactant (2), anionic surfactant (3) 
 
5.2  Synthesis of A New Chiral Cationic Surfactant 
 The synthesis of L-arginine methyl ester surfactant is described in Scheme 5.1. The 
target compound 5.3 is achieved (70% yield) by reacting L-arginine methyl ester 5.1 and 
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undecylenic acid 5.2 in the presence of isobutyl chloroformate and N-methylmorpholine in 
THF.   
NH2H
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NH2 O
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Scheme 5.1 Synthesis of L-arginine methyl ester surfactant 5.3 
In order to polymerize the surfactant for utilization in capillary 
electrochormatography separations a certain degree of solubility is necessary. Currently, 
these studies are ongoing in order to achieve effective polymerization.  
5.3 Conlcusion and Future Work 
A new cationic chiral surfactant 5.3 has been synthesized. The surfactant will be 
polymerized by collaborators and examined as mobile phase additives to achieve chiral 
separations. Polymeric surfactants are stable under many conditions where normal micelles 
are known to decompose, as a result of this it is believed that a polymeric chiral surfactant 
will have stronger chiral recognition properties than a conventional (non-polymerized) 
chiral micelle. 
In order to synthesize a surfactant with a higher degree of solubility, the L-arginine 
methyl ester monomethyl ether surfactant 5.12 was proposed. This surfactant should prove 
 64 
to have better solubility as a result of the presence of the glycol group. Scheme 5.2 
describes the synthesis of target compound 5.7.  
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Scheme 5.2 Synthesis of compound 5.7 
N-Boc-N-nitro-L-arginine 5.4 would be used as a starting material for this synthesis. 
Compound 5.4 can then be reacted with trimethylene glycol mono methyl ether 5.5 in the 
presence of DMAP 4-(Dimethylamino)-pyridine, DCC 1,3-Dicyclohexylcarbodiimide, and 
HOBT 1-Hydroxybenzotriazole in DMF to yield 5.6. Compound 5.6 would be subsequently 
deprotected in TFA and chloroform to obtain 5.7. After coupling 5.7 with undecylenic acid 
in the presence of isobutyl chloroformate and N-methylmorpholine in THF, compound 5.8 
can be produced. Compound 5.8 then undergo catalytic hydrogenation to form the target 
compound 5.9 (Scheme 5.3). As a result of synthesizing the proposed surfactant 5.9, the 
time spent on optimizing the solubility properties could be negated. 
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Scheme 5.3 Synthesis of L-arginine methyl ester monomethyl ether surfactant 5.8 
5.4 Experimental Section 
General.  Matrix Assisted Laser Desorption Ionization mass spectra were acquired 
using a Bruker Proflex III MALDI mass spectrometer with either anthracene or dithranol 
matrices. Analytical thin-layer chromatography (TLC) was performed using general 
purpose silica gel on glass (Scientific Adsorbants). Flash chromatography colums were 
prepared with silica gel (Scientific Adsorbants, 32-63 µm particle size, 60 Å). All other 
chemicals were purchased from Sigma or Aldrich and used without further purification.  
Proton NMR spectra were acquired in either CD3OD or DMSO-d6 on a Bruker DPX-250, 
DPX-400, or AMX-500 spectrometer.  All δ values are reported with (CH3)4Si at 0.00 ppm 
or DMSO at 2.45 ppm as references.  
Compound 5.3 To a solution of the undecylenic acid (1.43 ml, 7.08 mmol) in dry THF at 
20°C, N-methylmorpholine  (0.65 ml, 5.9 mmol) and isobutyl chloroformate (0.765 ml, 5.9 
mmol) was added. The mixture was stirred at that temperature for 15 minutes, followed by 
the addition of L-arginine methyl ester (1.54g, 5.9 mmol) and sodium bicarbonate (0.50g, 
5.9 mmol) in 15 ml of water at 0°C. Stirring was continued at 0°C for 1 hour. After 1 hour, 
the solvents were removed and the product was dried under vacuum. The product purified 
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by column choromtography (gradient elution of 10% MeOH/ 90% Chloroform). The 
isolated product was dried to give 1.15g. 1H NMR (MeOH) δ: 1.34 (m, 12H); 1.63 (m, 6H); 
2.02 (t, J= 6.905, 2H); 2.25 (t, J= 14.722, 2H); 3.72 (s, 3H); 4.92 (t, J=1.27, 1H); 5.80 (m, 
1H). 13C NMR (250 MHz, MeOH-d6) δ: 25.5, 26.1, 29.3, 29.5, 29.7, 29.8, 34.2, 36.5, 41.5, 
52.5, 54.8, 114.6, 139.5, 157.7, 173.4, 175.2. MALDI MS calcd for C18H35N4O3: 355.2 m/z; 
observed: 355.98 m/z. 
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APPENDIX A: CHARACTERIZATION DATA FOR COMPOUND 2.7 AND 2.8 
 
 
 
 
Figure A.1 1H NMR of Compound 2.8 
 
 
A.2 CRYSTALLOGRAPHIC DATA FOR COMPOUND 2.7 
 
 
 
 
 
data_2.7 
#==============================================================
========# 
 
CHEMICAL DATA 
  
O
Me
O
O
O
H
H
H Me
Me
H
OHOH
Me
O
H
O
H
 69
_chemical_name_systematic  
;  
trimethylsulfonium methanesulfonate  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety          'C3 H9 S 1+, C H3 O3 S 1-' 
_chemical_formula_sum             'C4 H12 O3 S2'  
_chemical_formula_weight          172.26  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
#==============================================================
========# 
 
CRYSTAL DATA 
 
_symmetry_space_group_name_H-M 'P n m a       ' 
_symmetry_cell_setting 'Orthorhombic' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, -y, z+1/2'  
 'x+1/2, -y+1/2, -z+1/2'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x-1/2, y, -z-1/2'  
 '-x-1/2, y-1/2, z-1/2'  
 'x, -y-1/2, z'  
  
_cell_length_a                    12.6157(4)  
 70
_cell_length_b                    8.2419(4)  
_cell_length_c                    7.5397(8)  
_cell_angle_alpha                 90  
_cell_angle_beta                  90  
_cell_angle_gamma                 90  
_cell_volume                      783.96(9)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120  
_cell_measurement_reflns_used     7642 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        30.0 
  
_exptl_crystal_description        plate  
_exptl_crystal_colour             colorless  
_exptl_crystal_size_max           0.12  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.459  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              368  
_exptl_absorpt_coefficient_mu     0.620  
_exptl_absorpt_correction_type 'multi-scan'  
_exptl_absorpt_correction_T_min   0.936  
_exptl_absorpt_correction_T_max   0.988  
_exptl_absorpt_process_details  'HKL Scalepack (Otwinowski & Minor 1997)'  
  
_exptl_special_details  
 
#=============================================================# 
 
EXPERIMENTAL DATA 
 
_diffrn_ambient_temperature       120  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          ?  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         none  
_diffrn_reflns_number             7642  
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_diffrn_reflns_av_R_equivalents   0.047  
_diffrn_reflns_av_sigmaI/netI     0.062  
_diffrn_reflns_limit_h_min    -17 
_diffrn_reflns_limit_h_max     17 
_diffrn_reflns_limit_k_min    -11 
_diffrn_reflns_limit_k_max     11 
_diffrn_reflns_limit_l_min    -10 
_diffrn_reflns_limit_l_max     10 
_diffrn_reflns_theta_min          3.1  
_diffrn_reflns_theta_max          30.1  
_reflns_number_total              1222  
_reflns_number_gt                 838  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection  'COLLECT (Nonius, 2000)' 
_computing_data_reduction  'Denzo and Scalepak (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepak (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare, et al., 1994)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics    'ORTEP-3 (Farrugia, 1997)' 
_computing_publication_material   'SHELXL-97 (Sheldrick, 1997)' 
  
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
 
#=============================================================# 
 
REFINEMENT DATA 
 
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0326P)^2^+0.2622P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     refxyz  
_refine_ls_extinction_method      SHELXL  
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_refine_ls_extinction_coef        0.0067(18)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          1222  
_refine_ls_number_parameters      69  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.074  
_refine_ls_R_factor_gt            0.039  
_refine_ls_wR_factor_ref          0.089  
_refine_ls_wR_factor_gt           0.076  
_refine_ls_goodness_of_fit_ref    1.022  
_refine_ls_restrained_S_all       1.022  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
 
#=============================================================# 
 
ATOMIC COORDINATES AND THERMAL PARAMETERS 
 
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
S1 S 0.67208(5) 0.2500 0.27070(8) 0.0207(2) Uani 1 2 d S . .  
O1 O 0.57403(15) 0.2500 0.1667(2) 0.0272(5) Uani 1 2 d S . .  
O2 O 0.68432(11) 0.10235(18) 0.37463(18) 0.0321(4) Uani 1 1 d . . .  
C1 C 0.7765(2) 0.2500 0.1161(4) 0.0259(6) Uani 1 2 d S . .  
H1A H 0.844(3) 0.2500 0.188(4) 0.039 Uiso 1 2 d S . .  
H1B H 0.7715(17) 0.152(3) 0.050(3) 0.039 Uiso 1 1 d . . .  
S2 S 0.51948(6) 0.7500 0.30929(8) 0.0249(2) Uani 1 2 d S . .  
C2 C 0.6201(2) 0.7500 0.1426(4) 0.0285(7) Uani 1 2 d S . .  
H2A H 0.582(3) 0.7500 0.017(4) 0.043 Uiso 1 2 d S . .  
H2B H 0.6628(17) 0.658(3) 0.165(3) 0.043 Uiso 1 1 d . . .  
C3 C 0.43915(17) 0.5829(3) 0.2433(3) 0.0288(5) Uani 1 1 d . . .  
H3A H 0.4185(17) 0.607(3) 0.123(3) 0.043 Uiso 1 1 d . . .  
H3B H 0.3798(19) 0.582(3) 0.321(3) 0.043 Uiso 1 1 d . . .  
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H3C H 0.480(2) 0.490(3) 0.257(3) 0.043 Uiso 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
S1 0.0226(3) 0.0211(3) 0.0183(3) 0.000 0.0001(3) 0.000  
O1 0.0232(10) 0.0323(11) 0.0260(10) 0.000 -0.0020(8) 0.000  
O2 0.0370(9) 0.0307(8) 0.0286(7) 0.0120(6) -0.0002(6) -0.0008(7)  
C1 0.0271(16) 0.0258(16) 0.0246(14) 0.000 0.0044(12) 0.000  
S2 0.0235(4) 0.0318(4) 0.0196(3) 0.000 -0.0010(3) 0.000  
C2 0.0212(14) 0.0309(17) 0.0335(16) 0.000 0.0071(13) 0.000  
C3 0.0262(11) 0.0237(10) 0.0364(12) 0.0030(10) 0.0046(9) -0.0011(9)  
  
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
 
#=============================================================# 
 
MOLECULAR GEOMETRY 
 
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
S1 O1 1.4646(19) . y  
S1 O2 1.4556(14) . y  
S1 O2 1.4556(14) 8_565 ? 
S1 C1 1.759(3) . y  
C1 H1A 1.01(3) . ?  
C1 H1B 0.95(2) . ?  
S2 C2 1.786(3) . y  
S2 C3 1.781(2) . y  
S2 C3 1.781(2) 8_575 ?  
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C2 H2A 1.06(3) . ?  
C2 H2B 0.95(2) . ?  
C3 H3A 0.97(2) . ?  
C3 H3B 0.95(2) . ?  
C3 H3C 0.92(3) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
O2 S1 O1 112.20(7) 8_565 . ?  
O2 S1 O1 112.20(7) . . y  
O2 S1 O2 113.45(12) 8_565 . y  
O1 S1 C1 106.11(13) . . y  
O2 S1 C1 106.11(8) 8_565 . ?  
O2 S1 C1 106.11(8) . . y  
S1 C1 H1A 105.8(18) . . ?  
S1 C1 H1B 107.2(13) . . ?  
H1A C1 H1B 109.6(15) . . ?  
C3 S2 C3 101.31(15) . 8_575 y  
C3 S2 C2 102.00(10) . . y  
C3 S2 C2 102.00(10) 8_575 . ?  
S2 C2 H2A 107.7(17) . . ?  
S2 C2 H2B 106.1(13) . . ?  
H2A C2 H2B 114.7(16) . . ?  
S2 C3 H3A 105.0(15) . . ?  
S2 C3 H3B 106.4(15) . . ?  
H3A C3 H3B 111.8(19) . . ?  
S2 C3 H3C 107.1(15) . . ?  
H3A C3 H3C 115(2) . . ?  
H3B C3 H3C 111(2) . . ?  
 
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
C1 H1B O2  0.95(2) 2.54(2) 3.463(2) 163.5(18) 2_654  
 75
C2 H2A O1  1.06(3) 2.41(3) 3.382(4) 152(2) 4_655  
C3 H3A O1  0.97(2) 2.48(2) 3.388(3) 156.0(19) 4_655  
C3 H3B O2  0.95(2) 2.44(2) 3.279(3) 147.3(19) 4_656  
C3 H3C O1  0.92(3) 2.41(3) 3.280(2) 157.1(19) .  
 
_diffrn_measured_fraction_theta_max    1.000  
_diffrn_reflns_theta_full              30.05  
_diffrn_measured_fraction_theta_full   1.000  
_refine_diff_density_max    0.40  
_refine_diff_density_min   -0.37 
 
_refine_diff_density_rms    0.078 
 
A.4 CRYSTALLOGRAPHIC DATA FOR COMPOUND 2.8 
 
 
 
 
data_2.8 
 
#=============================================================# 
 
CHEMICAL DATA 
 
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety          'C32 H32 O8, 2(C H4 O)' 
_chemical_formula_sum             'C34 H40 O10'  
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_chemical_formula_weight          608.66  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
#=============================================================# 
 
CRYSTAL DATA 
 
_symmetry_space_group_name_H-M 'P n m a       ' 
_symmetry_cell_setting 'Orthorhombic' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, -y, z+1/2'  
 'x+1/2, -y+1/2, -z+1/2'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x-1/2, y, -z-1/2'  
 '-x-1/2, y-1/2, z-1/2'  
 'x, -y-1/2, z'  
  
_cell_length_a                    14.0627(4)  
_cell_length_b                    13.6940(4)  
_cell_length_c                    16.0505(5)  
_cell_angle_alpha                 90  
_cell_angle_beta                  90  
_cell_angle_gamma                 90  
_cell_volume                      3090.92(16)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120  
_cell_measurement_reflns_used     4217 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        30.0 
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_exptl_crystal_description        fragment  
_exptl_crystal_colour             colorless  
_exptl_crystal_size_max           0.42  
_exptl_crystal_size_mid           0.37  
_exptl_crystal_size_min           0.27  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.308  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1296  
_exptl_absorpt_coefficient_mu     0.096  
_exptl_absorpt_correction_type    none  
_exptl_absorpt_correction_T_min   ?  
_exptl_absorpt_correction_T_max   ?  
_exptl_absorpt_process_details    ?  
  
_exptl_special_details  
;  
 ?  
#=============================================================# 
 
EXPERIMENTAL DATA 
 
_diffrn_ambient_temperature       120  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2 
_diffrn_reflns_number             14994 
_diffrn_reflns_av_R_equivalents   0.037  
_diffrn_reflns_av_sigmaI/netI     0.0407  
_diffrn_reflns_limit_h_min    -19 
_diffrn_reflns_limit_h_max     19 
_diffrn_reflns_limit_k_min    -19 
_diffrn_reflns_limit_k_max     19 
_diffrn_reflns_limit_l_min    -22 
_diffrn_reflns_limit_l_max     22 
_diffrn_reflns_theta_min          3.2  
_diffrn_reflns_theta_max          30.0  
_reflns_number_total              4660  
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_reflns_number_gt                 3626  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection  'COLLECT (Nonius, 2000)' 
_computing_data_reduction  'Denzo and Scalepak (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepak (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare, et al., 1994)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics    'ORTEP-3 (Farrugia, 1997)' 
_computing_publication_material   'SHELXL-97 (Sheldrick, 1997)' 
  
#=============================================================# 
 
REFINEMENT DATA 
 
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0588P)^2^+2.5932P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          4660  
_refine_ls_number_parameters      240  
_refine_ls_number_restraints      8  
_refine_ls_R_factor_all           0.090  
_refine_ls_R_factor_gt            0.064  
_refine_ls_wR_factor_ref          0.165  
_refine_ls_wR_factor_gt           0.145  
_refine_ls_goodness_of_fit_ref    1.116  
_refine_ls_restrained_S_all       1.115  
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_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
 
#=============================================================# 
 
ATOMIC COORDINATES AND THERMAL PARAMETERS 
 
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.52289(9) 0.65098(9) 0.71588(7) 0.0239(3) Uani 1 1 d D . .  
H1OA H 0.554(3) 0.630(3) 0.7569(18) 0.036 Uiso 0.50 1 d PD . .  
H1OB H 0.524(3) 0.71225(19) 0.714(3) 0.036 Uiso 0.50 1 d PD . .  
O2 O 0.72906(10) 0.40995(9) 0.60331(9) 0.0312(3) Uani 1 1 d D . .  
H2OA H 0.7831(15) 0.405(4) 0.581(3) 0.047 Uiso 0.50 1 d PD . .  
H2OB H 0.716(4) 0.374(3) 0.644(2) 0.047 Uiso 0.50 1 d PD . .  
O3 O 0.88240(11) 0.40032(10) 0.35444(9) 0.0337(3) Uani 1 1 d D . .  
H3OA H 0.915(3) 0.383(4) 0.313(2) 0.051 Uiso 0.50 1 d PD . .  
H3OB H 0.836(2) 0.363(3) 0.363(3) 0.051 Uiso 0.50 1 d PD . .  
O4 O 1.09743(10) 0.65246(11) 0.43398(12) 0.0418(4) Uani 1 1 d D . .  
H4OA H 1.133(3) 0.610(3) 0.412(3) 0.063 Uiso 0.50 1 d PD . .  
H4OB H 1.101(4) 0.7123(9) 0.423(3) 0.063 Uiso 0.50 1 d PD . .  
C1 C 0.55864(11) 0.65753(11) 0.56918(10) 0.0182(3) Uani 1 1 d . . .  
C2 C 0.56867(11) 0.61306(11) 0.64701(10) 0.0194(3) Uani 1 1 d . . .  
C3 C 0.62339(12) 0.52935(12) 0.65712(11) 0.0219(3) Uani 1 1 d . . .  
H3 H 0.6272 0.4987 0.7101 0.026 Uiso 1 1 calc R . .  
C4 C 0.67241(12) 0.49057(12) 0.58997(11) 0.0215(3) Uani 1 1 d . . .  
C5 C 0.66481(12) 0.53206(12) 0.51063(11) 0.0212(3) Uani 1 1 d . . .  
C6 C 0.60753(12) 0.61472(12) 0.50291(10) 0.0205(3) Uani 1 1 d . . .  
H6 H 0.6014 0.6436 0.4494 0.025 Uiso 1 1 calc R . .  
C7 C 0.49857(16) 0.7500 0.55845(15) 0.0186(4) Uani 1 2 d S . .  
H7 H 0.4507 0.7500 0.6045 0.022 Uiso 1 2 calc SR . .  
C8 C 0.44259(19) 0.7500 0.47680(16) 0.0259(5) Uani 1 2 d S . .  
H8A H 0.4869 0.7500 0.4297 0.039 Uiso 1 2 d S . .  
H8B H 0.4054 0.6897 0.4726 0.039 Uiso 1 1 d . . .  
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C9 C 0.72270(12) 0.49177(13) 0.43818(11) 0.0242(4) Uani 1 1 d . . .  
H9 H 0.7266 0.4193 0.4453 0.029 Uiso 1 1 calc R . .  
C10 C 0.67648(14) 0.51195(17) 0.35283(12) 0.0350(5) Uani 1 1 d . . .  
H10A H 0.6770 0.5823 0.3418 0.052 Uiso 1 1 calc R . .  
H10B H 0.6107 0.4883 0.3532 0.052 Uiso 1 1 calc R . .  
H10C H 0.7124 0.4781 0.3092 0.052 Uiso 1 1 calc R . .  
C11 C 0.82410(12) 0.53171(12) 0.43960(10) 0.0210(3) Uani 1 1 d . . .  
C12 C 0.89802(13) 0.48692(12) 0.39541(11) 0.0239(4) Uani 1 1 d . . .  
C13 C 0.98813(13) 0.52819(13) 0.39222(12) 0.0273(4) Uani 1 1 d . . .  
H13 H 1.0367 0.4981 0.3601 0.033 Uiso 1 1 calc R . .  
C14 C 1.00720(12) 0.61325(13) 0.43591(12) 0.0265(4) Uani 1 1 d . . .  
C15 C 0.93699(12) 0.65854(12) 0.48334(11) 0.0230(3) Uani 1 1 d . . .  
C16 C 0.84670(12) 0.61695(12) 0.48243(11) 0.0221(3) Uani 1 1 d . . .  
H16 H 0.7976 0.6486 0.5128 0.026 Uiso 1 1 calc R . .  
C17 C 0.95727(17) 0.7500 0.53410(16) 0.0247(5) Uani 1 2 d S . .  
H17 H 1.0268 0.7500 0.5470 0.030 Uiso 1 2 calc SR . .  
C18 C 0.9043(2) 0.7500 0.61756(17) 0.0287(5) Uani 1 2 d S . .  
H18A H 0.8356 0.7500 0.6074 0.043 Uiso 1 2 d S . .  
H18B H 0.9192 0.6900 0.6482 0.043 Uiso 1 1 d . . .  
O1S O 0.7623(2) 0.2500 0.3661(2) 0.0725(9) Uani 1 2 d S . .  
H1S H 0.8021 0.2045 0.3703 0.109 Uiso 0.50 1 calc PR . .  
C1S C 0.7257(3) 0.2500 0.2903(4) 0.0779(14) Uani 1 2 d S . .  
H1S1 H 0.6748 0.2988 0.2871 0.117 Uiso 0.50 1 calc PR . .  
H1S2 H 0.6996 0.1853 0.2779 0.117 Uiso 0.50 1 calc PR . .  
H1S3 H 0.7754 0.2659 0.2498 0.117 Uiso 0.50 1 calc PR . .  
O2S O 0.6931(2) 0.2500 0.70064(17) 0.0808(10) Uani 1 2 d S . .  
H2S H 0.6663 0.2173 0.6631 0.121 Uiso 0.50 1 calc PR . .  
C2S C 0.6377(4) 0.2500 0.7708(3) 0.0735(14) Uani 1 2 d S . .  
H2S1 H 0.6687 0.2887 0.8143 0.110 Uiso 0.50 1 calc PR . .  
H2S2 H 0.6292 0.1828 0.7904 0.110 Uiso 0.50 1 calc PR . .  
H2S3 H 0.5755 0.2785 0.7578 0.110 Uiso 0.50 1 calc PR . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0275(6) 0.0244(6) 0.0197(5) -0.0009(5) 0.0020(5) 0.0053(5)  
O2 0.0259(7) 0.0204(6) 0.0474(9) -0.0007(6) -0.0007(6) 0.0076(5)  
O3 0.0498(9) 0.0242(6) 0.0273(7) -0.0047(5) 0.0074(6) 0.0059(6)  
O4 0.0182(6) 0.0337(8) 0.0736(11) 0.0105(8) 0.0100(7) 0.0023(5)  
C1 0.0152(7) 0.0169(6) 0.0224(7) -0.0010(6) -0.0017(6) -0.0015(5)  
C2 0.0179(7) 0.0179(7) 0.0222(8) -0.0016(6) 0.0011(6) 0.0004(6)  
 81
C3 0.0214(8) 0.0204(7) 0.0239(8) 0.0029(6) 0.0003(6) 0.0014(6)  
C4 0.0169(7) 0.0164(7) 0.0312(9) -0.0005(6) 0.0004(6) 0.0003(6)  
C5 0.0186(7) 0.0185(7) 0.0265(8) -0.0043(6) 0.0023(6) -0.0018(6)  
C6 0.0214(8) 0.0195(7) 0.0205(7) -0.0013(6) 0.0010(6) -0.0020(6)  
C7 0.0184(10) 0.0153(9) 0.0222(10) 0.000 -0.0001(9) 0.000  
C8 0.0257(12) 0.0243(11) 0.0278(12) 0.000 -0.0075(10) 0.000  
C9 0.0222(8) 0.0220(8) 0.0285(8) -0.0058(7) 0.0048(7) -0.0001(6)  
C10 0.0274(9) 0.0475(12) 0.0299(9) -0.0142(9) -0.0012(8) 0.0018(8)  
C11 0.0206(8) 0.0213(7) 0.0211(7) 0.0012(6) 0.0020(6) 0.0025(6)  
C12 0.0274(9) 0.0202(7) 0.0241(8) 0.0027(6) 0.0037(7) 0.0048(6)  
C13 0.0249(9) 0.0245(8) 0.0324(9) 0.0040(7) 0.0092(7) 0.0083(7)  
C14 0.0190(8) 0.0240(8) 0.0364(9) 0.0071(7) 0.0032(7) 0.0031(6)  
C15 0.0186(7) 0.0217(7) 0.0287(8) 0.0029(7) -0.0016(6) 0.0026(6)  
C16 0.0185(7) 0.0230(8) 0.0247(8) -0.0004(6) 0.0012(6) 0.0038(6)  
C17 0.0168(11) 0.0255(11) 0.0319(13) 0.000 -0.0048(9) 0.000  
C18 0.0294(13) 0.0300(12) 0.0266(12) 0.000 -0.0051(10) 0.000  
O1S 0.0494(18) 0.093(3) 0.075(2) 0.000 0.0177(16) 0.000  
C1S 0.057(3) 0.070(3) 0.107(4) 0.000 -0.003(3) 0.000  
O2S 0.074(2) 0.131(3) 0.0373(14) 0.000 0.0129(15) 0.000  
C2S 0.117(4) 0.055(2) 0.048(2) 0.000 0.030(3) 0.000  
 
#=============================================================# 
 
MOLECULAR GEOMETRY 
 
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C2 1.381(2) . ?  
O1 H1OA 0.8399(10) . ?  
O1 H1OB 0.8400(11) . ?  
O2 C4 1.378(2) . ?  
O2 H2OA 0.8400(11) . ?  
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O2 H2OB 0.8400(10) . ?  
O3 C12 1.374(2) . ?  
O3 H3OA 0.8400(10) . ?  
O3 H3OB 0.8400(10) . ?  
O4 C14 1.378(2) . ?  
O4 H4OA 0.8400(10) . ?  
O4 H4OB 0.8400(11) . ?  
C1 C6 1.396(2) . ?  
C1 C2 1.397(2) . ?  
C1 C7 1.532(2) . ?  
C2 C3 1.390(2) . ?  
C3 C4 1.385(2) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.399(2) . ?  
C5 C6 1.395(2) . ?  
C5 C9 1.523(2) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.529(3) . ?  
C7 C1 1.532(2) 8_575 ?  
C7 H7 1.0000 . ?  
C8 H8A 0.98 . ?  
C8 H8B 0.98 . ?  
C9 C11 1.527(2) . ?  
C9 C10 1.541(3) . ?  
C9 H9 1.0000 . ?  
C10 H10A 0.9800 . ?  
C10 H10B 0.9800 . ?  
C10 H10C 0.9800 . ?  
C11 C16 1.391(2) . ?  
C11 C12 1.400(2) . ?  
C12 C13 1.388(3) . ?  
C13 C14 1.386(3) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.393(2) . ?  
C15 C16 1.392(2) . ?  
C15 C17 1.521(2) . ?  
C16 H16 0.9500 . ?  
C17 C15 1.521(2) 8_575 ?  
C17 C18 1.533(4) . ?  
C17 H17 1.0000 . ?  
C18 H18A 0.98 . ?  
C18 H18B 0.98 . ?  
O1S C1S 1.321(6) . ?  
O1S H1S 0.8400 . ?  
C1S H1S1 0.9800 . ?  
C1S H1S2 0.9800 . ?  
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C1S H1S3 0.9800 . ?  
O2S C2S 1.369(5) . ?  
O2S H2S 0.8400 . ?  
C2S H2S1 0.9800 . ?  
C2S H2S2 0.9800 . ?  
C2S H2S3 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C2 O1 H1OA 105(3) . . ?  
C2 O1 H1OB 109(3) . . ?  
H1OA O1 H1OB 111(5) . . ?  
C4 O2 H2OA 122(4) . . ?  
C4 O2 H2OB 118(4) . . ?  
H2OA O2 H2OB 118(5) . . ?  
C12 O3 H3OA 123(4) . . ?  
C12 O3 H3OB 125(4) . . ?  
H3OA O3 H3OB 112(5) . . ?  
C14 O4 H4OA 106(4) . . ?  
C14 O4 H4OB 116(4) . . ?  
H4OA O4 H4OB 123(6) . . ?  
C6 C1 C2 116.66(14) . . ?  
C6 C1 C7 122.22(16) . . ?  
C2 C1 C7 121.11(15) . . ?  
O1 C2 C3 118.34(14) . . ?  
O1 C2 C1 120.33(14) . . ?  
C3 C2 C1 121.32(15) . . ?  
C4 C3 C2 120.05(15) . . ?  
C4 C3 H3 120.0 . . ?  
C2 C3 H3 120.0 . . ?  
O2 C4 C3 118.29(16) . . ?  
O2 C4 C5 120.74(15) . . ?  
C3 C4 C5 120.97(15) . . ?  
C6 C5 C4 117.05(15) . . ?  
C6 C5 C9 122.34(15) . . ?  
C4 C5 C9 120.48(15) . . ?  
C5 C6 C1 123.90(15) . . ?  
C5 C6 H6 118.1 . . ?  
C1 C6 H6 118.1 . . ?  
C8 C7 C1 112.35(12) . . ?  
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C8 C7 C1 112.36(12) . 8_575 ?  
C1 C7 C1 111.51(18) . 8_575 ?  
C8 C7 H7 106.7 . . ?  
C1 C7 H7 106.7 . . ?  
C1 C7 H7 106.7 8_575 . ?  
C7 C8 H8A 109.5 . . ?  
C7 C8 H8B 109.5 . . ?  
H8A C8 H8B 106.7 . . ?  
C5 C9 C11 110.98(14) . . ?  
C5 C9 C10 112.85(15) . . ?  
C11 C9 C10 110.04(15) . . ?  
C5 C9 H9 107.6 . . ?  
C11 C9 H9 107.6 . . ?  
C10 C9 H9 107.6 . . ?  
C9 C10 H10A 109.5 . . ?  
C9 C10 H10B 109.5 . . ?  
H10A C10 H10B 109.5 . . ?  
C9 C10 H10C 109.5 . . ?  
H10A C10 H10C 109.5 . . ?  
H10B C10 H10C 109.5 . . ?  
C16 C11 C12 116.64(16) . . ?  
C16 C11 C9 121.40(15) . . ?  
C12 C11 C9 121.92(15) . . ?  
O3 C12 C13 118.67(16) . . ?  
O3 C12 C11 120.14(16) . . ?  
C13 C12 C11 121.19(16) . . ?  
C14 C13 C12 120.01(16) . . ?  
C14 C13 H13 120.0 . . ?  
C12 C13 H13 120.0 . . ?  
O4 C14 C13 119.63(16) . . ?  
O4 C14 C15 119.45(17) . . ?  
C13 C14 C15 120.91(16) . . ?  
C16 C15 C14 117.32(16) . . ?  
C16 C15 C17 120.91(17) . . ?  
C14 C15 C17 121.77(17) . . ?  
C11 C16 C15 123.84(16) . . ?  
C11 C16 H16 118.1 . . ?  
C15 C16 H16 118.1 . . ?  
C15 C17 C15 110.8(2) . 8_575 ?  
C15 C17 C18 112.14(13) . . ?  
C15 C17 C18 112.14(13) 8_575 . ?  
C15 C17 H17 107.1 . . ?  
C15 C17 H17 107.1 8_575 . ?  
C18 C17 H17 107.1 . . ?  
C17 C18 H18A 109.5 . . ?  
C17 C18 H18B 109.5 . . ?  
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H18A C18 H18B 107.2 . . ?  
C1S O1S H1S 109.5 . . ?  
O1S C1S H1S1 109.5 . . ?  
O1S C1S H1S2 109.5 . . ?  
H1S1 C1S H1S2 109.5 . . ?  
O1S C1S H1S3 109.5 . . ?  
H1S1 C1S H1S3 109.5 . . ?  
H1S2 C1S H1S3 109.5 . . ?  
C2S O2S H2S 109.5 . . ?  
O2S C2S H2S1 109.5 . . ?  
O2S C2S H2S2 109.5 . . ?  
H2S1 C2S H2S2 109.5 . . ?  
O2S C2S H2S3 109.5 . . ?  
H2S1 C2S H2S3 109.5 . . ?  
H2S2 C2S H2S3 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1   
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C6 C1 C2 O1 179.81(14) . . . . ?  
C7 C1 C2 O1 1.2(2) . . . . ?  
C6 C1 C2 C3 -1.1(2) . . . . ?  
C7 C1 C2 C3 -179.76(15) . . . . ?  
O1 C2 C3 C4 -178.31(15) . . . . ?  
C1 C2 C3 C4 2.6(2) . . . . ?  
C2 C3 C4 O2 177.29(15) . . . . ?  
C2 C3 C4 C5 -2.7(3) . . . . ?  
O2 C4 C5 C6 -178.70(15) . . . . ?  
C3 C4 C5 C6 1.2(2) . . . . ?  
O2 C4 C5 C9 -2.9(2) . . . . ?  
C3 C4 C5 C9 177.06(15) . . . . ?  
C4 C5 C6 C1 0.2(2) . . . . ?  
C9 C5 C6 C1 -175.49(15) . . . . ?  
C2 C1 C6 C5 -0.3(2) . . . . ?  
C7 C1 C6 C5 178.32(16) . . . . ?  
C6 C1 C7 C8 39.7(2) . . . . ?  
C2 C1 C7 C8 -141.78(18) . . . . ?  
C6 C1 C7 C1 -87.5(2) . . . 8_575 ?  
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C2 C1 C7 C1 91.1(2) . . . 8_575 ?  
C6 C5 C9 C11 94.24(19) . . . . ?  
C4 C5 C9 C11 -81.35(19) . . . . ?  
C6 C5 C9 C10 -29.8(2) . . . . ?  
C4 C5 C9 C10 154.61(16) . . . . ?  
C5 C9 C11 C16 -20.7(2) . . . . ?  
C10 C9 C11 C16 104.92(19) . . . . ?  
C5 C9 C11 C12 161.88(16) . . . . ?  
C10 C9 C11 C12 -72.5(2) . . . . ?  
C16 C11 C12 O3 177.24(15) . . . . ?  
C9 C11 C12 O3 -5.2(3) . . . . ?  
C16 C11 C12 C13 -2.5(3) . . . . ?  
C9 C11 C12 C13 175.08(16) . . . . ?  
O3 C12 C13 C14 -177.17(16) . . . . ?  
C11 C12 C13 C14 2.5(3) . . . . ?  
C12 C13 C14 O4 178.48(17) . . . . ?  
C12 C13 C14 C15 0.0(3) . . . . ?  
O4 C14 C15 C16 179.17(16) . . . . ?  
C13 C14 C15 C16 -2.3(3) . . . . ?  
O4 C14 C15 C17 -0.6(3) . . . . ?  
C13 C14 C15 C17 177.90(17) . . . . ?  
C12 C11 C16 C15 0.0(3) . . . . ?  
C9 C11 C16 C15 -177.58(16) . . . . ?  
C14 C15 C16 C11 2.4(3) . . . . ?  
C17 C15 C16 C11 -177.83(17) . . . . ?  
C16 C15 C17 C15 -88.4(2) . . . 8_575 ?  
C14 C15 C17 C15 91.4(2) . . . 8_575 ?  
C16 C15 C17 C18 37.8(2) . . . . ?  
C14 C15 C17 C18 -142.41(19) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              30.04  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    0.39  
_refine_diff_density_min   -0.61  
_refine_diff_density_rms    0.061 
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APPENDIX  B: MALDI, FAB AND CHRYSTALLOGRAPHIC DATA FOR 
OLIGOMERS  
 
Figure B.1 MALDI data for Oligomers (asterisks indicate observed oligomeric peaks, 
see Table 3.4) 
 
FIGURE B.2 FAB data for Oligomers (asterisks indicate observed oligomeric peaks; see 
Table 3.4) 
* 
* 
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FIGURE B.3 FAB data for Oligomers (asterisks indicate observed oligomeric peaks; see 
Table 3.4) 
 
 
FIGURE B.3 FAB evidence of xanthene moiety of oligomeric products 
* 
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n
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B.4 CRYSTALLOGRAPHIC DATA FOR COMPOUND RESORCINOL 
FORMALDEHYDE OLIGOMERS 
 
 
 
data_resorcinol-formaldehyde oligomer 
 
#=============================================================# 
 
CHEMICAL DATA 
 
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'Local laboratory' 
_chemical_formula_moiety     'C13 H12 O4, 0.5(C H2 Cl2)'  
_chemical_formula_sum        'C14 H13 Cl O4'  
_chemical_formula_weight          280.69  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 90
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
#=============================================================# 
 
CRYSTAL DATA 
 
_symmetry_space_group_name_H-M 'C 2/c         ' 
_symmetry_cell_setting 'Monoclinic' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
 '-x+1/2, -y+1/2, -z'  
 'x+1/2, -y+1/2, z-1/2'  
  
_cell_length_a                    30.114(12)  
_cell_length_b                    9.463(4)  
_cell_length_c                    8.858(3)  
_cell_angle_alpha                 90 
_cell_angle_beta                  100.49(2)  
_cell_angle_gamma                 90 
_cell_volume                      2482.1(17)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     100 
_cell_measurement_reflns_used     2545 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        26.0 
  
_exptl_crystal_description        lath 
_exptl_crystal_colour             tan  
_exptl_crystal_size_max           0.42  
_exptl_crystal_size_mid           0.07 
_exptl_crystal_size_min           0.05 
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.502  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1168  
_exptl_absorpt_coefficient_mu     0.315  
_exptl_absorpt_correction_type    none 
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_exptl_absorpt_correction_T_min   ?  
_exptl_absorpt_correction_T_max   ?  
_exptl_absorpt_process_details    ?  
  
_exptl_special_details  
;  
 ?  
#=============================================================# 
 
EXPERIMENTAL DATA 
 
_diffrn_ambient_temperature       100 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             13641 
_diffrn_reflns_av_R_equivalents   0.033  
_diffrn_reflns_av_sigmaI/netI     0.0475  
_diffrn_reflns_limit_h_min        -36  
_diffrn_reflns_limit_h_max        36  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -10  
_diffrn_reflns_limit_l_max        10  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          26.0  
_reflns_number_total              2426  
_reflns_number_gt                 1686  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection  'COLLECT (Nonius 1999)' 
_computing_data_reduction  'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare, et al., 1994)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics           'ORTEP-3 for Windows (Farrugia, 1997)' 
_computing_publication_material   'SHELXL-97 (Sheldrick, 1997)' 
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#=============================================================# 
 
REFINEMENT DATA 
 
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0953P)^2^+9.2794P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2426  
_refine_ls_number_parameters      181  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.108  
_refine_ls_R_factor_gt            0.075  
_refine_ls_wR_factor_ref          0.218  
_refine_ls_wR_factor_gt           0.194  
_refine_ls_goodness_of_fit_ref    1.023  
_refine_ls_restrained_S_all       1.023  
_refine_ls_shift/su_max           0.003  
_refine_ls_shift/su_mean          0.000  
 
#=============================================================# 
 
ATOMIC COORDINATES 
 
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
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 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.22218(9) 0.6599(2) 0.8681(3) 0.0402(7) Uani 1 1 d . . .  
H1O H 0.2350 0.6529 0.7919 0.060 Uiso 1 1 calc R . .  
O2 O 0.21633(9) 0.1581(2) 0.8194(3) 0.0400(7) Uani 1 1 d . . .  
H2O H 0.2334 0.1768 0.7568 0.060 Uiso 1 1 calc R . .  
O3 O 0.18219(8) 0.9113(2) 0.8895(3) 0.0390(6) Uani 1 1 d . . .  
H3O H 0.1890 0.9915 0.8601 0.058 Uiso 1 1 calc R . .  
O4 O 0.04983(11) 1.0027(4) 0.5133(4) 0.0639(9) Uani 1 1 d . . .  
H4O H 0.0676 1.0572 0.4787 0.096 Uiso 1 1 calc R . .  
C1 C 0.20137(11) 0.5338(3) 0.8899(4) 0.0300(8) Uani 1 1 d . . .  
C2 C 0.21962(12) 0.4096(3) 0.8448(4) 0.0323(8) Uani 1 1 d . . .  
H2 H 0.2456 0.4120 0.7978 0.039 Uiso 1 1 calc R . .  
C3 C 0.19956(12) 0.2822(3) 0.8689(4) 0.0319(8) Uani 1 1 d . . .  
C4 C 0.16242(13) 0.2774(4) 0.9401(4) 0.0390(9) Uani 1 1 d . . .  
H4 H 0.1490 0.1898 0.9586 0.047 Uiso 1 1 calc R . .  
C5 C 0.14525(14) 0.4035(4) 0.9838(4) 0.0391(9) Uani 1 1 d . . .  
H5 H 0.1198 0.4005 1.0332 0.047 Uiso 1 1 calc R . .  
C6 C 0.16348(12) 0.5344(3) 0.9587(4) 0.0320(8) Uani 1 1 d . . .  
C7 C 0.14313(13) 0.6703(4) 1.0045(4) 0.0375(9) Uani 1 1 d . . .  
H7A H 0.1675 0.7283 1.0644 0.045 Uiso 1 1 calc R . .  
H7B H 0.1216 0.6470 1.0729 0.045 Uiso 1 1 calc R . .  
C8 C 0.11873(12) 0.7584(4) 0.8715(4) 0.0343(8) Uani 1 1 d . . .  
C9 C 0.13890(12) 0.8777(3) 0.8195(4) 0.0324(8) Uani 1 1 d . . .  
C10 C 0.11642(12) 0.9616(4) 0.7003(4) 0.0365(8) Uani 1 1 d . . .  
H10 H 0.1306 1.0429 0.6679 0.044 Uiso 1 1 calc R . .  
C11 C 0.07325(13) 0.9250(4) 0.6302(4) 0.0419(9) Uani 1 1 d . . .  
C12 C 0.05251(13) 0.8060(4) 0.6773(5) 0.0445(10) Uani 1 1 d . . .  
H12 H 0.0229 0.7803 0.6282 0.053 Uiso 1 1 calc R . .  
C13 C 0.07542(13) 0.7255(4) 0.7966(4) 0.0409(9) Uani 1 1 d . . .  
H13 H 0.0609 0.6445 0.8286 0.049 Uiso 1 1 calc R . .  
C1S C 0.0000 0.7666(18) 0.2500 0.143(5) Uani 1 2 d S . .  
Cl1A Cl 0.04324(17) 0.7005(5) 0.2333(7) 0.1148(17) Uani 0.50 1 d P . .  
Cl1B Cl 0.0294(2) 0.6186(9) 0.1386(7) 0.190(4) Uani 0.50 1 d P . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
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 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0454(15) 0.0203(12) 0.0557(16) -0.0007(11) 0.0112(12) -0.0059(11)  
O2 0.0535(16) 0.0170(12) 0.0510(16) 0.0002(10) 0.0134(12) 0.0055(11)  
O3 0.0413(14) 0.0208(12) 0.0541(16) 0.0010(11) 0.0067(12) -0.0033(10)  
O4 0.0598(19) 0.065(2) 0.064(2) 0.0180(16) 0.0028(16) 0.0025(16)  
C1 0.0379(19) 0.0177(16) 0.0316(17) 0.0015(13) -0.0011(14) -0.0005(13)  
C2 0.0360(19) 0.0215(16) 0.0383(19) 0.0018(14) 0.0035(15) -0.0001(14)  
C3 0.043(2) 0.0188(16) 0.0310(17) -0.0001(13) 0.0002(15) 0.0011(14)  
C4 0.062(2) 0.0215(17) 0.0365(19) 0.0016(15) 0.0162(17) -0.0041(16)  
C5 0.058(2) 0.0288(18) 0.0351(19) 0.0016(15) 0.0209(17) -0.0031(17)  
C6 0.049(2) 0.0216(16) 0.0255(16) -0.0012(13) 0.0068(15) 0.0007(15)  
C7 0.055(2) 0.0250(18) 0.0358(19) -0.0022(14) 0.0164(16) -0.0021(16)  
C8 0.045(2) 0.0273(18) 0.0328(18) -0.0037(14) 0.0126(15) 0.0010(15)  
C9 0.0369(18) 0.0252(17) 0.0365(18) -0.0030(14) 0.0110(15) 0.0037(14)  
C10 0.046(2) 0.0269(18) 0.0390(19) 0.0005(15) 0.0144(16) 0.0037(16)  
C11 0.045(2) 0.043(2) 0.0360(19) 0.0025(17) 0.0044(16) 0.0120(17)  
C12 0.038(2) 0.050(2) 0.046(2) -0.0041(18) 0.0081(17) 0.0006(18)  
C13 0.047(2) 0.036(2) 0.044(2) -0.0063(17) 0.0186(17) -0.0045(17)  
C1S 0.139(11) 0.213(15) 0.071(6) 0.000 0.004(6) 0.000  
Cl1A 0.113(3) 0.085(3) 0.165(5) 0.013(3) 0.075(3) 0.005(2)  
Cl1B 0.166(5) 0.278(9) 0.151(5) 0.132(5) 0.098(4) 0.145(6)  
 
#=============================================================# 
 
MOLECULAR GEOMETRY 
 
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
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O1 C1 1.377(4) . ?  
O1 H1O 0.8400 . ?  
O2 C3 1.380(4) . ?  
O2 H2O 0.8400 . ?  
O3 C9 1.375(4) . ?  
O3 H3O 0.8400 . ?  
O4 C11 1.358(5) . ?  
O4 H4O 0.8400 . ?  
C1 C2 1.387(5) . ?  
C1 C6 1.388(5) . ?  
C2 C3 1.382(5) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.381(5) . ?  
C4 C5 1.383(5) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.389(5) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.511(5) . ?  
C7 C8 1.519(5) . ?  
C7 H7A 0.9900 . ?  
C7 H7B 0.9900 . ?  
C8 C13 1.387(5) . ?  
C8 C9 1.400(5) . ?  
C9 C10 1.393(5) . ?  
C10 C11 1.379(5) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.389(6) . ?  
C12 C13 1.381(6) . ?  
C12 H12 0.9500 . ?  
C13 H13 0.9500 . ?  
C1S Cl1A 1.476(9) 2 ?  
C1S Cl1A 1.476(9) . ?  
C1S Cl1B 2.010(14) . ?  
C1S Cl1B 2.010(14) 2 ?  
Cl1A Cl1B 1.163(10) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 O1 H1O 109.5 . . ?  
C3 O2 H2O 109.5 . . ?  
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C9 O3 H3O 109.5 . . ?  
C11 O4 H4O 109.5 . . ?  
O1 C1 C2 118.7(3) . . ?  
O1 C1 C6 119.3(3) . . ?  
C2 C1 C6 122.0(3) . . ?  
C3 C2 C1 119.2(3) . . ?  
C3 C2 H2 120.4 . . ?  
C1 C2 H2 120.4 . . ?  
O2 C3 C4 119.4(3) . . ?  
O2 C3 C2 119.8(3) . . ?  
C4 C3 C2 120.8(3) . . ?  
C3 C4 C5 118.3(3) . . ?  
C3 C4 H4 120.8 . . ?  
C5 C4 H4 120.8 . . ?  
C4 C5 C6 123.1(3) . . ?  
C4 C5 H5 118.5 . . ?  
C6 C5 H5 118.5 . . ?  
C1 C6 C5 116.6(3) . . ?  
C1 C6 C7 121.8(3) . . ?  
C5 C6 C7 121.6(3) . . ?  
C6 C7 C8 114.9(3) . . ?  
C6 C7 H7A 108.5 . . ?  
C8 C7 H7A 108.5 . . ?  
C6 C7 H7B 108.5 . . ?  
C8 C7 H7B 108.5 . . ?  
H7A C7 H7B 107.5 . . ?  
C13 C8 C9 116.8(3) . . ?  
C13 C8 C7 121.9(3) . . ?  
C9 C8 C7 121.4(3) . . ?  
O3 C9 C10 120.0(3) . . ?  
O3 C9 C8 118.1(3) . . ?  
C10 C9 C8 121.9(3) . . ?  
C11 C10 C9 119.1(3) . . ?  
C11 C10 H10 120.4 . . ?  
C9 C10 H10 120.4 . . ?  
O4 C11 C10 121.6(4) . . ?  
O4 C11 C12 118.0(4) . . ?  
C10 C11 C12 120.4(3) . . ?  
C13 C12 C11 119.2(4) . . ?  
C13 C12 H12 120.4 . . ?  
C11 C12 H12 120.4 . . ?  
C12 C13 C8 122.5(4) . . ?  
C12 C13 H13 118.7 . . ?  
C8 C13 H13 118.7 . . ?  
Cl1A C1S Cl1A 129.8(13) 2 . ?  
Cl1A C1S Cl1B 103.2(9) 2 . ?  
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Cl1A C1S Cl1B 34.9(4) . . ?  
Cl1A C1S Cl1B 34.9(4) 2 2 ?  
Cl1A C1S Cl1B 103.2(9) . 2 ?  
Cl1B C1S Cl1B 91.6(8) . 2 ?  
Cl1B Cl1A C1S 98.5(7) . . ?  
Cl1A Cl1B C1S 46.6(4) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C1 C2 C3 178.7(3) . . . . ?  
C6 C1 C2 C3 0.0(5) . . . . ?  
C1 C2 C3 O2 177.6(3) . . . . ?  
C1 C2 C3 C4 -1.4(5) . . . . ?  
O2 C3 C4 C5 -177.7(3) . . . . ?  
C2 C3 C4 C5 1.3(5) . . . . ?  
C3 C4 C5 C6 0.3(6) . . . . ?  
O1 C1 C6 C5 -177.2(3) . . . . ?  
C2 C1 C6 C5 1.6(5) . . . . ?  
O1 C1 C6 C7 2.6(5) . . . . ?  
C2 C1 C6 C7 -178.6(3) . . . . ?  
C4 C5 C6 C1 -1.7(5) . . . . ?  
C4 C5 C6 C7 178.5(4) . . . . ?  
C1 C6 C7 C8 71.9(4) . . . . ?  
C5 C6 C7 C8 -108.4(4) . . . . ?  
C6 C7 C8 C13 78.8(4) . . . . ?  
C6 C7 C8 C9 -101.7(4) . . . . ?  
C13 C8 C9 O3 -178.7(3) . . . . ?  
C7 C8 C9 O3 1.8(5) . . . . ?  
C13 C8 C9 C10 1.3(5) . . . . ?  
C7 C8 C9 C10 -178.2(3) . . . . ?  
O3 C9 C10 C11 179.1(3) . . . . ?  
C8 C9 C10 C11 -0.9(5) . . . . ?  
C9 C10 C11 O4 -179.8(3) . . . . ?  
C9 C10 C11 C12 -0.1(5) . . . . ?  
O4 C11 C12 C13 -179.6(4) . . . . ?  
C10 C11 C12 C13 0.7(6) . . . . ?  
C11 C12 C13 C8 -0.3(6) . . . . ?  
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C9 C8 C13 C12 -0.7(5) . . . . ?  
C7 C8 C13 C12 178.8(3) . . . . ?  
Cl1A C1S Cl1A Cl1B 47.6(4) 2 . . . ?  
Cl1B C1S Cl1A Cl1B 73.3(6) 2 . . . ?  
Cl1A C1S Cl1B Cl1A -144.4(8) 2 . . . ?  
Cl1B C1S Cl1B Cl1A -111.2(6) 2 . . . ?  
  
_diffrn_measured_fraction_theta_max    0.995  
_diffrn_reflns_theta_full              26.0  
_diffrn_measured_fraction_theta_full   0.995  
_refine_diff_density_max    0.50  
_refine_diff_density_min   -0.50  
_refine_diff_density_rms    0.070 
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APPENDIX C: CHARACTERIZATION DATA FOR COMPOUND 4.4 AND 4.6 
 
 
 
 
 
 
 
 
 
 
FIGURE C.1: 1H NMR of Compound 4.4 
 
 
FIGURE C.2: MALDI data for compound 4.4 
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C.3 CRYSTALLOGRAPHIC DATA FOR COMPOUND 4.4 
 
 
 
 
 
data_compound 4.4 
 
#=============================================================# 
CHEMICAL DATA 
 
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'Local laboratory' 
_chemical_formula_moiety     'C14 H18 N2 O4 2+, 2(Cl 1-), H2 O'  
_chemical_formula_sum        'C14 H20 Cl2 N2 O5'  
_chemical_formula_weight          367.22  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 101
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
#=============================================================# 
 
CRYSTAL DATA 
 
_symmetry_space_group_name_H-M 'P 21/c        ' 
_symmetry_cell_setting 'Monoclinic' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    14.199(6)  
_cell_length_b                    13.400(5)  
_cell_length_c                    8.519(3)  
_cell_angle_alpha                 90 
_cell_angle_beta                  93.662(13)  
_cell_angle_gamma                 90 
_cell_volume                      1617.6(11)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     100 
_cell_measurement_reflns_used     4072 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        28.3 
  
_exptl_crystal_description        prism 
_exptl_crystal_colour             brown 
_exptl_crystal_size_max           0.23  
_exptl_crystal_size_mid           0.07  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.508  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              768  
_exptl_absorpt_coefficient_mu     0.428  
_exptl_absorpt_correction_type 'multi-scan'  
_exptl_absorpt_correction_T_min   0.908  
_exptl_absorpt_correction_T_max   0.979  
_exptl_absorpt_process_details  'HKL Scalepack (Otwinowski & Minor 1997)'  
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_exptl_special_details  
;  
 ?  
#=============================================================# 
 
EXPERIMENTAL DATA 
  
_diffrn_ambient_temperature       100 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             25461 
_diffrn_reflns_av_R_equivalents   0.078  
_diffrn_reflns_av_sigmaI/netI     0.1120  
_diffrn_reflns_limit_h_min        -18  
_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -17  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -11  
_diffrn_reflns_limit_l_max        11  
_diffrn_reflns_theta_min          2.8 
_diffrn_reflns_theta_max          28.3  
_reflns_number_total              3973  
_reflns_number_gt                 2254  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection  'COLLECT (Nonius 1999)' 
_computing_data_reduction  'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare, et al., 1994)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics           'ORTEP-3 for Windows (Farrugia, 1997)' 
_computing_publication_material   'SHELXL-97 (Sheldrick, 1997)' 
  
_refine_special_details  
 
#=============================================================# 
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REFINEMENT DATA 
 
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0460P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3973  
_refine_ls_number_parameters      212  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.117  
_refine_ls_R_factor_gt            0.049  
_refine_ls_wR_factor_ref          0.115  
_refine_ls_wR_factor_gt           0.098  
_refine_ls_goodness_of_fit_ref    1.013  
_refine_ls_restrained_S_all       1.013  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
 
#==============================================================# 
 
ATOMIC COORDINATED AND THERMAL PARAMETERS 
 
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
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 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cl1 Cl 0.37637(5) 0.39231(5) 0.15992(7) 0.02322(18) Uani 1 1 d . . .  
Cl2 Cl 0.08904(5) 0.30827(5) -0.06140(7) 0.02544(19) Uani 1 1 d . . .  
O1 O 0.27964(14) 0.42054(14) 0.5465(2) 0.0219(5) Uani 1 1 d . . .  
H1O H 0.2744 0.3923 0.6335 0.033 Uiso 1 1 calc R . .  
O2 O 0.03356(14) 0.51425(14) 0.18258(19) 0.0224(4) Uani 1 1 d . . .  
H2O H 0.0008 0.5636 0.1525 0.034 Uiso 1 1 calc R . .  
O3 O 0.49579(14) 0.90678(14) 0.6554(2) 0.0304(5) Uani 1 1 d . . .  
H3O H 0.4717 0.9632 0.6685 0.046 Uiso 1 1 calc R . .  
O4 O 0.41964(14) 0.56932(13) 0.6000(2) 0.0228(5) Uani 1 1 d . . .  
H4O H 0.3759 0.5274 0.6041 0.034 Uiso 1 1 calc R . .  
N1 N 0.16818(16) 0.38295(15) 0.2763(2) 0.0181(5) Uani 1 1 d . . .  
H1A H 0.1525 0.3264 0.3277 0.027 Uiso 1 1 calc R . .  
H1B H 0.2304 0.3809 0.2569 0.027 Uiso 1 1 calc R . .  
H1C H 0.1328 0.3875 0.1837 0.027 Uiso 1 1 calc R . .  
N2 N 0.53453(16) 0.71870(17) 0.5437(2) 0.0231(6) Uani 1 1 d . . .  
H2A H 0.5832 0.7017 0.6132 0.035 Uiso 1 1 calc R . .  
H2B H 0.5502 0.7743 0.4899 0.035 Uiso 1 1 calc R . .  
H2C H 0.5226 0.6676 0.4749 0.035 Uiso 1 1 calc R . .  
C1 C 0.20316(19) 0.48414(19) 0.5151(3) 0.0168(6) Uani 1 1 d . . .  
C2 C 0.15027(19) 0.46998(19) 0.3740(3) 0.0160(6) Uani 1 1 d . . .  
C3 C 0.07897(19) 0.5349(2) 0.3235(3) 0.0169(6) Uani 1 1 d . . .  
C4 C 0.05810(19) 0.6145(2) 0.4186(3) 0.0188(6) Uani 1 1 d . . .  
H4 H 0.0091 0.6599 0.3869 0.023 Uiso 1 1 calc R . .  
C5 C 0.1100(2) 0.6273(2) 0.5612(3) 0.0195(6) Uani 1 1 d . . .  
H5 H 0.0945 0.6814 0.6270 0.023 Uiso 1 1 calc R . .  
C6 C 0.18385(19) 0.5639(2) 0.6118(3) 0.0173(6) Uani 1 1 d . . .  
C7 C 0.2436(2) 0.5860(2) 0.7641(3) 0.0207(6) Uani 1 1 d . . .  
H7 H 0.2844 0.5263 0.7867 0.025 Uiso 1 1 calc R . .  
C8 C 0.3094(2) 0.6732(2) 0.7378(3) 0.0197(6) Uani 1 1 d . . .  
C9 C 0.2910(2) 0.7702(2) 0.7864(3) 0.0204(6) Uani 1 1 d . . .  
H9 H 0.2354 0.7820 0.8401 0.025 Uiso 1 1 calc R . .  
C10 C 0.3497(2) 0.8499(2) 0.7601(3) 0.0202(6) Uani 1 1 d . . .  
H10 H 0.3342 0.9148 0.7954 0.024 Uiso 1 1 calc R . .  
C11 C 0.4314(2) 0.8347(2) 0.6818(3) 0.0198(6) Uani 1 1 d . . .  
C12 C 0.44989(19) 0.7389(2) 0.6295(3) 0.0191(6) Uani 1 1 d . . .  
C13 C 0.39077(19) 0.6592(2) 0.6570(3) 0.0178(6) Uani 1 1 d . . .  
C14 C 0.18310(14) 0.5992(2) 0.9039(2) 0.0260(7) Uani 1 1 d . . .  
H14A H 0.2235 0.6166 0.9975 0.039 Uiso 1 1 calc R . .  
H14B H 0.1496 0.5368 0.9228 0.039 Uiso 1 1 calc R . .  
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H14C H 0.1372 0.6528 0.8814 0.039 Uiso 1 1 calc R . .  
O1W O 0.28595(12) 0.33626(14) -0.17842(17) 0.0304(5) Uani 1 1 d R . .  
H1W H 0.2189 0.3303 -0.1452 0.046 Uiso 1 1 d R . .  
H2W H 0.3117 0.3612 -0.0831 0.046 Uiso 1 1 d R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cl1 0.0219(4) 0.0218(4) 0.0261(4) 0.0001(3) 0.0017(3) 0.0010(3)  
Cl2 0.0323(5) 0.0216(4) 0.0217(3) -0.0026(3) -0.0034(3) 0.0025(3)  
O1 0.0264(12) 0.0222(11) 0.0168(9) 0.0019(8) -0.0007(8) 0.0027(9)  
O2 0.0225(12) 0.0237(11) 0.0201(10) -0.0020(8) -0.0064(8) 0.0036(9)  
O3 0.0261(13) 0.0173(11) 0.0485(12) -0.0061(10) 0.0082(10) -0.0042(9)  
O4 0.0209(12) 0.0182(11) 0.0294(10) -0.0027(8) 0.0025(9) -0.0006(9)  
N1 0.0202(13) 0.0183(12) 0.0154(11) -0.0020(9) -0.0017(9) -0.0013(11)  
N2 0.0229(14) 0.0220(13) 0.0246(12) 0.0013(10) 0.0019(10) -0.0013(11)  
C1 0.0163(15) 0.0166(14) 0.0176(13) 0.0046(10) 0.0029(11) 0.0004(12)  
C2 0.0186(16) 0.0156(14) 0.0144(13) -0.0004(10) 0.0048(11) -0.0025(12)  
C3 0.0172(16) 0.0212(15) 0.0124(12) 0.0013(11) 0.0018(11) -0.0046(12)  
C4 0.0150(15) 0.0195(15) 0.0221(14) 0.0031(11) 0.0034(11) 0.0006(13)  
C5 0.0237(17) 0.0193(16) 0.0159(13) -0.0024(10) 0.0042(11) -0.0056(13)  
C6 0.0186(16) 0.0171(15) 0.0163(13) 0.0008(10) 0.0020(11) -0.0033(12)  
C7 0.0256(17) 0.0214(15) 0.0147(13) 0.0006(11) -0.0026(11) -0.0043(13)  
C8 0.0231(16) 0.0210(16) 0.0146(13) 0.0002(11) -0.0025(11) -0.0012(13)  
C9 0.0202(16) 0.0239(16) 0.0171(13) 0.0010(11) 0.0008(11) 0.0006(13)  
C10 0.0251(17) 0.0180(14) 0.0171(13) -0.0010(11) -0.0021(12) 0.0017(13)  
C11 0.0206(17) 0.0157(15) 0.0224(14) 0.0001(11) -0.0038(12) -0.0031(13)  
C12 0.0176(16) 0.0207(16) 0.0190(14) -0.0001(11) 0.0013(11) -0.0007(13)  
C13 0.0204(17) 0.0152(14) 0.0170(13) -0.0013(11) -0.0050(11) 0.0007(13)  
C14 0.0290(18) 0.0311(18) 0.0179(14) -0.0024(12) 0.0027(12) -0.0092(14)  
O1W 0.0368(14) 0.0306(12) 0.0232(10) 0.0025(8) -0.0014(9) 0.0034(10)  
 
#=============================================================# 
 
MOLECULAR GEOMETRY 
 
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C1 1.393(3) . ?  
O1 H1O 0.8400 . ?  
O2 C3 1.354(3) . ?  
O2 H2O 0.8400 . ?  
O3 C11 1.358(3) . ?  
O3 H3O 0.8400 . ?  
O4 C13 1.371(3) . ?  
O4 H4O 0.8400 . ?  
N1 C2 1.464(3) . ?  
N1 H1A 0.9100 . ?  
N1 H1B 0.9100 . ?  
N1 H1C 0.9100 . ?  
N2 C12 1.471(3) . ?  
N2 H2A 0.9100 . ?  
N2 H2B 0.9100 . ?  
N2 H2C 0.9100 . ?  
C1 C6 1.387(3) . ?  
C1 C2 1.389(4) . ?  
C2 C3 1.382(4) . ?  
C3 C4 1.384(4) . ?  
C4 C5 1.391(4) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.397(4) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.533(3) . ?  
C7 C8 1.521(4) . ?  
C7 C14 1.523(3) . ?  
C7 H7 1.0000 . ?  
C8 C9 1.393(4) . ?  
C8 C13 1.395(4) . ?  
C9 C10 1.382(4) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.391(4) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.390(4) . ?  
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C12 C13 1.388(4) . ?  
C14 H14A 0.9800 . ?  
C14 H14B 0.9800 . ?  
C14 H14C 0.9800 . ?  
O1W H1W 1.0132 . ?  
O1W H2W 0.9311 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 O1 H1O 109.5 . . ?  
C3 O2 H2O 109.5 . . ?  
C11 O3 H3O 109.5 . . ?  
C13 O4 H4O 109.5 . . ?  
C2 N1 H1A 109.5 . . ?  
C2 N1 H1B 109.5 . . ?  
H1A N1 H1B 109.5 . . ?  
C2 N1 H1C 109.5 . . ?  
H1A N1 H1C 109.5 . . ?  
H1B N1 H1C 109.5 . . ?  
C12 N2 H2A 109.5 . . ?  
C12 N2 H2B 109.5 . . ?  
H2A N2 H2B 109.5 . . ?  
C12 N2 H2C 109.5 . . ?  
H2A N2 H2C 109.5 . . ?  
H2B N2 H2C 109.5 . . ?  
C6 C1 C2 120.2(2) . . ?  
C6 C1 O1 122.6(2) . . ?  
C2 C1 O1 117.0(2) . . ?  
C3 C2 C1 121.9(2) . . ?  
C3 C2 N1 118.3(2) . . ?  
C1 C2 N1 119.8(2) . . ?  
O2 C3 C2 116.4(2) . . ?  
O2 C3 C4 124.7(3) . . ?  
C2 C3 C4 118.9(2) . . ?  
C3 C4 C5 119.0(3) . . ?  
C3 C4 H4 120.5 . . ?  
C5 C4 H4 120.5 . . ?  
C4 C5 C6 122.7(2) . . ?  
C4 C5 H5 118.7 . . ?  
C6 C5 H5 118.7 . . ?  
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C1 C6 C5 117.3(2) . . ?  
C1 C6 C7 122.2(2) . . ?  
C5 C6 C7 120.5(2) . . ?  
C8 C7 C14 114.1(2) . . ?  
C8 C7 C6 109.7(2) . . ?  
C14 C7 C6 112.0(2) . . ?  
C8 C7 H7 106.9 . . ?  
C14 C7 H7 106.9 . . ?  
C6 C7 H7 106.9 . . ?  
C9 C8 C13 116.7(2) . . ?  
C9 C8 C7 123.0(3) . . ?  
C13 C8 C7 120.3(2) . . ?  
C10 C9 C8 123.1(3) . . ?  
C10 C9 H9 118.4 . . ?  
C8 C9 H9 118.4 . . ?  
C9 C10 C11 119.7(3) . . ?  
C9 C10 H10 120.2 . . ?  
C11 C10 H10 120.2 . . ?  
O3 C11 C12 117.5(2) . . ?  
O3 C11 C10 124.5(2) . . ?  
C12 C11 C10 118.0(2) . . ?  
C13 C12 C11 121.9(2) . . ?  
C13 C12 N2 117.7(2) . . ?  
C11 C12 N2 120.4(2) . . ?  
O4 C13 C12 114.7(2) . . ?  
O4 C13 C8 124.7(2) . . ?  
C12 C13 C8 120.6(2) . . ?  
C7 C14 H14A 109.5 . . ?  
C7 C14 H14B 109.5 . . ?  
H14A C14 H14B 109.5 . . ?  
C7 C14 H14C 109.5 . . ?  
H14A C14 H14C 109.5 . . ?  
H14B C14 H14C 109.5 . . ?  
H1W O1W H2W 96.2 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
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C6 C1 C2 C3 1.5(4) . . . . ?  
O1 C1 C2 C3 -173.3(2) . . . . ?  
C6 C1 C2 N1 -177.1(2) . . . . ?  
O1 C1 C2 N1 8.1(3) . . . . ?  
C1 C2 C3 O2 178.8(2) . . . . ?  
N1 C2 C3 O2 -2.6(3) . . . . ?  
C1 C2 C3 C4 -1.9(4) . . . . ?  
N1 C2 C3 C4 176.7(2) . . . . ?  
O2 C3 C4 C5 179.8(2) . . . . ?  
C2 C3 C4 C5 0.5(4) . . . . ?  
C3 C4 C5 C6 1.2(4) . . . . ?  
C2 C1 C6 C5 0.3(4) . . . . ?  
O1 C1 C6 C5 174.8(2) . . . . ?  
C2 C1 C6 C7 -176.6(2) . . . . ?  
O1 C1 C6 C7 -2.1(4) . . . . ?  
C4 C5 C6 C1 -1.6(4) . . . . ?  
C4 C5 C6 C7 175.3(2) . . . . ?  
C1 C6 C7 C8 103.0(3) . . . . ?  
C5 C6 C7 C8 -73.8(3) . . . . ?  
C1 C6 C7 C14 -129.3(3) . . . . ?  
C5 C6 C7 C14 54.0(3) . . . . ?  
C14 C7 C8 C9 -26.0(4) . . . . ?  
C6 C7 C8 C9 100.6(3) . . . . ?  
C14 C7 C8 C13 156.4(2) . . . . ?  
C6 C7 C8 C13 -77.0(3) . . . . ?  
C13 C8 C9 C10 -1.1(4) . . . . ?  
C7 C8 C9 C10 -178.7(2) . . . . ?  
C8 C9 C10 C11 0.0(4) . . . . ?  
C9 C10 C11 O3 -177.2(2) . . . . ?  
C9 C10 C11 C12 1.4(4) . . . . ?  
O3 C11 C12 C13 177.0(2) . . . . ?  
C10 C11 C12 C13 -1.7(4) . . . . ?  
O3 C11 C12 N2 -2.3(4) . . . . ?  
C10 C11 C12 N2 179.0(2) . . . . ?  
C11 C12 C13 O4 -179.0(2) . . . . ?  
N2 C12 C13 O4 0.3(3) . . . . ?  
C11 C12 C13 C8 0.6(4) . . . . ?  
N2 C12 C13 C8 179.9(2) . . . . ?  
C9 C8 C13 O4 -179.7(2) . . . . ?  
C7 C8 C13 O4 -1.9(4) . . . . ?  
C9 C8 C13 C12 0.7(4) . . . . ?  
C7 C8 C13 C12 178.5(2) . . . . ?  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              28.3  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    0.90 
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_refine_diff_density_min   -0.31  
_refine_diff_density_rms    0.083 
FIGURE C.4: 1H NMR of compound 4.6 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE C.5: MALDI MS data for compound 4.6 
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APPENDIX D: CHARACTERIZATION DATA FOR SURFACTANT 
FIGURE D.1 1H NMR of Compound 5.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE D.3 MALDI data for compound 5.3 
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APPENDIX E: LETTERS OF PERMISSION 
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